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Reading this Report 
This report is the result of an ongoing process of improving reporting on the progress in 
delivering on our mission and realizing our goals and thus communicating the value XSEDE 
brings towards enhancing the productivity of a growing community of scholars, researchers, and 
engineers. For a large, complex, highly-distributed project such as XSEDE, this is a considerable 
undertaking. This process has helped XSEDE improve as an organization and as a provider and 
broker of services to the compute- and data-enabled science and engineering research and 
education community. 
XSEDE reports on its activities and progress by using a metrics-based approach. Based on 
feedback from our review panels, advisory bodies, the NSF, and other stakeholders, we have 
defined KPIs (Key Performance Indicators) that measure progress toward our high-level 
strategic goals. 
The key concept is not that the metrics [KPIs] themselves have a direct causal effect on eventual 
outcomes, but rather that the metrics are chosen so that actions and decisions which move the 
metrics in the desired direction also move the organization in the direction of the desired outcomes 
and goals. 
KPIs at the project and Work Breakdown Structure Level 2 areas are intended to focus the 
attention of external stakeholders on what we believe to be the best (key) indicators of progress 
toward our long-term strategic goals. 
The Executive Summary (§1) is intended to effectively and concisely communicate the status of 
the project toward delivery of the mission and realization of the vision by reaching three 
strategic goals. Stoplight indicators (§1.1) are used to visually provide a quick understanding of 
our assessment of overall project progress with respect to the strategic goals in light of our KPIs. 
The Science, Engineering, & Program Highlights (§2) provide a small selection in a series of 
scientific and engineering research and education successes XSEDE has enabled. These 
successes are an ongoing testament to the importance of our services to the research 
community.  
The Discussion of Strategic Goals and Key Performance Indicators (§3) provides the next level of 
detail in understanding project progress. It decomposes the strategic goals into subgoals and 
discusses progress toward each of the sub-goals using KPIs that, where possible, represent 
measures of impact to the communities XSEDE supports.  
These first three sections take a project-wide view. A more detailed analysis of progress from 
the view of the areas responsible for supporting each of the sub-goals—and contributing toward 
the KPIs associated with those sub-goals—is provided by looking at each of the areas of the 
project in the remaining sections (§4, §5, §6, §7, §8, §9). These sections also contain area 
highlights and Key Performance Indicators (KPIs) that are deemed important, along with links to 
corresponding sections of the XSEDE KPIs & Metrics wiki page. The metric tables on the wiki 
page contain definitions, descriptions, and collection methodology information about each 
metric in the tables. When a new metric is added, table cells from previous reporting periods 
will contain an asterisk (*) to designate that data for that metric was not being collected or 
reported at that time. Prior to the RY2 Annual Report we have reported on metrics at the Work 
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Breakdown Structure Level 3. Based on feedback from reviewers and discussion with the 
Cognizant Program Officer, we have discontinued this to reduce duplication and improve 
readability of the document. 
Note that XSEDE Project Years (PY) run September-August and Report Years (RY) run May-April. 
The table below lists the schedule for Reporting Periods (RP) within each RY, including RY1 and 
RY6 which are slightly altered due to a shorter RY1 and a longer RY6.  
 
 RP1 RP2 RP3 RP4 (Included in Annual Report) 
Typical Schedule 
 




Period doesn’t exist 
due to shortened 
first year. 
Sept. 1- Oct. 31, 
2016 (Abbreviated 
due to shortened 
year)  
 
Nov. 1, 2016- Jan. 
31, 2017  
Feb. 1- Apr. 30, 2017 





May 1- July 31, 2017 Aug. 1- Oct. 31, 2017 Nov. 1, 2017- Jan. 
31, 2018 
Feb. 1- Apr. 30, 2018 






May 1- July 31, 2018 Aug. 1- Oct. 31, 2018 Nov. 1, 2018- Jan. 
31, 2019 
Feb. 1- Apr. 30, 2019 






May 1- July 31, 2019 Aug. 1- Oct. 31, 2019 Nov. 1, 2019- Jan. 
31, 2020 
Feb. 1- Apr. 30, 2020 






May 1- July 31, 2020 Aug. 1- Oct. 31, 2020 Nov. 1, 2020- Jan. 
31, 2021 
Feb. 1- Apr. 30, 2021 






May 1- July 31, 2021 Aug. 1- Oct. 31, 2021 Nov. 1, 2021- Jan. 
31, 2022 
Feb. 1- Aug. 31, 
2022 (Longer 
period included in 
Final Report) 
 
It is anticipated that this report is read in electronic form (PDF) using Adobe Reader®. There is 
extensive cross-linking to facilitate referencing content across the document. In general, all text 
that has blue underlining (e.g., §2) is clickable. Clicking on the underlined text will take you to 
the referenced section. These are set up to facilitate moving back and forth between the high 
level discussions in §1 and §3, to more detailed discussions regarding specific project areas and 
financial information in §4, §5, §6, §7, §8, §9.  
As noted, this represents an ongoing effort at improvement, and we welcome comments on how 
to improve any and all aspects of our reporting process. 
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At the beginning of the XSEDE project, a Project Execution Plan (PEP) was submitted to and 
approved by NSF. Content in this and all preceding Interim Project and Annual Reports 
supersede information submitted in the original PEP. The most recent version of the PEP can be 
viewed in Appendix 18 of this report and on the wiki.1  
 
1 https://confluence.xsede.org/display/XT/XSEDE+Project+Execution+Plan  
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1. Executive Summary 
Computing across all fields of scholarship is becoming ubiquitous. Digital technologies underpin, 
accelerate, and enable new, even transformational, research in all domains. Researchers continue to 
integrate an increasingly diverse set of distributed resources and instruments directly into their 
research and educational pursuits. Access to an array of integrated and well-supported high-end digital 
services is critical for the advancement of knowledge. XSEDE (Extreme Science and Engineering 
Discovery Environment) is a socio-technical platform that integrates and coordinates advanced digital 
services within the national ecosystem to support contemporary science. This ecosystem involves a 
highly distributed, yet integrated and coordinated, assemblage of software, supercomputers, 
visualization systems, storage systems, networks, portals, gateways, collections of data, instruments, 
and personnel with specific expertise. XSEDE supports the need for an advanced digital services 
ecosystem distributed beyond the scope of a single institution and provides a long-term platform to 
empower modern science and engineering research and education. As a significant contributor to this 
ecosystem, driven by the needs of the open research community, XSEDE substantially enhances the 
productivity of a growing community of scholars, researchers, and engineers. XSEDE federates with 
other high-end facilities and campus-based resources, serving as the foundation for a national e-science 
infrastructure with tremendous potential for enabling new advancements in research and education. 
Our vision is a world of digitally-enabled scholars, researchers, and engineers participating in 
multidisciplinary collaborations while seamlessly accessing computing resources and sharing data to 
tackle society’s grand challenges. 
Researchers use advanced digital resources and services every day to expand their understanding of 
our world. More pointedly, research now requires more than just supercomputers, and XSEDE 
represents a step toward a more comprehensive and cohesive set of advanced digital services through 
our mission: to substantially enhance the productivity of a growing community of scholars, researchers, 
and engineers through access to advanced digital services that support open research; and to coordinate 
and add significant value to the leading cyberinfrastructure resources funded by the NSF and other 
agencies. XSEDE has developed its strategic goals in a manner consistent with NSF’s strategic plan, 
Building the Future: Investing in Discovery and Innovation - NSF Strategic Plan for Fiscal Years (FY) 2018 
- 20222, NSF’s strategies stated broadly in the Cyberinfrastructure Framework for 21st Century Science 
and Engineering3 vision document, and the more specifically relevant Advanced Computing 
Infrastructure: Vision and Strategic Plan4 document. Though the latter two documents are now out of 
date for the NSF, in the absence of documents that supplant them, XSEDE continues to use them for 
general guidance until such time as successor documents are released. It should be noted here that 
three draft documents under the collective heading of Transforming Science Through 
Cyberinfrastructure: NSF’s Blueprint for a National Cyberinfrastructure Ecosystem for Science and 
Engineering in the 21st Century, distributed by NSF’s Office Director for the Office of Advanced 
Cyberinfrastructure, are currently available for public comment.5 
 Strategic Goals 
To support our mission and to guide the project’s activities toward the realization of our vision, three 
strategic goals are defined: 
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Deepen and Extend Use: XSEDE will deepen the use—make more effective use—of the advanced 
digital services ecosystem by existing scholars, researchers, and engineers, and extend the use 
to new communities. We will contribute to preparation—workforce development—of the 
current and next generation of scholars, researchers, and engineers in the use of advanced 
digital services via training, education, and outreach; and we will raise the general awareness of 
the value of advanced digital services. 
Advance the Ecosystem: Exploiting its internal efforts and drawing on those of others, XSEDE will 
advance the broader ecosystem of advanced digital services by creating an open and evolving e-
infrastructure, and by enhancing the array of technical expertise and support services offered. 
Sustain the Ecosystem: XSEDE will sustain the advanced digital services ecosystem by ensuring 
and maintaining a reliable, efficient, and secure infrastructure, and providing excellent user 
support services. XSEDE will further operate an effective, productive, and innovative virtual 
organization. 
The strategic goals of XSEDE cover a considerable scope. To ensure XSEDE is delivering on its mission 
and to assess progress toward its vision, XSEDE has identified key metrics to measure its progress 
toward meeting sub-goals of each of the strategic goals. These Key Performance Indicators (KPIs) are a 
high-level encapsulation of XSEDE’s project metrics that measure how well each sub-goal is met. 
Planning is driven by XSEDE’s vision, mission, goals, and these metrics—which are in turn rooted in the 
needs and requirements of the communities served. 
The key concept is not that the KPIs themselves must have a direct causal effect on eventual 
outcomes, or measure eventual outcomes or long-term impacts, but rather that the KPIs are 
chosen so that actions and decisions which move the metrics in the desired direction also move the 
organization in the direction of the desired outcomes and goals. 
Table 1-1 below shows the project’s progress toward the three strategic goals and associated sub-goals 
in RY4. Status icons are used in the table as follows: 
 
A green status is defined as a strategic goal for which at least 90% of the targets 
for all KPIs are met. 
 
A yellow status is defined as a strategic goal within which at least 60% of the 
targets for all KPIs are met.  
 
A red status is a strategic goal with less than 60% of the KPI targets met.  
 
A white status indicates there are currently no metrics tracked for this sub-goal or 
there is not complete data for any of the metrics tracked. 
Multiple indicators represent a strategic goal that has sub-goals for which there is incomplete data or 
that have metrics not currently tracked. In these cases, the second indicator is a qualitative assessment 
of the status provided in lieu of sufficient data or a formal metric being in place. 
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Table 1-1: Summary of Key Performance Indicators (KPIs) for XSEDE. 
Status  Sub-goals KPIs 
Strategic Goal: Deepen and Extend Use (§3.1) 
 
Deepen use (existing 
communities) (§3.1.1) 
● Number of sustained users of XSEDE resources and services via the 
portal 
● Number of sustained underrepresented individuals using XSEDE 
resources and services via the portal 
● Percentage of sustained allocation users from non-traditional 
disciplines of XSEDE resources and service 
 
Extend use (new 
communities) (§3.1.2) 
● Number of new users of XSEDE resources and services via the portal 
● Number of new underrepresented individuals using XSEDE resources 
and services via the portal 
● Percentage of new allocation users from non-traditional disciplines of 
XSEDE resources and services 
 
Prepare the current and 
next generation (§3.1.3) 
● Number of participant hours of live training delivered by XSEDE 
 
Raise awareness of the 
value of advanced digital 
services (§3.1.4) 
● Grand (aggregate) mean rating of XSEDE User Survey user awareness 
items regarding XSEDE resources and services 
● Number of social media impressions over time 
Strategic Goal: Advance the Ecosystem (§3.2) 
 
Create an open and 
evolving e-infrastructure 
(§3.2.1) 
● Total number of capabilities in production 
 
Enhance the array of 
technical expertise and 
support services (§3.2.2) 
● Grand (aggregate) mean rating of XSEDE User Survey satisfaction 
items regarding XSEDE technical support services 
Strategic Goal: Sustain the Ecosystem (§3.3) 
 
Provide reliable, efficient, 
and secure infrastructure 
(§3.3.1) 
● Mean composite availability of core services (%) 
 
Provide excellent user 
support (§3.3.2) 
● Mean time to ticket resolution (hours) 
● Mean rating of user satisfaction with allocations process and support 
services 
● Percentage of research requests successful (not rejected) 
 
Operate an effective and 
productive virtual 
organization (§3.3.3) 
● Mean rating of importance of XSEDE resources and services to 
researcher productivity 
● Percentage of users who indicate the use of XSEDE-managed and/or 
XSEDE-associated resources in the creation of their work product 
 
Operate an innovative 
virtual organization 
(§3.3.4) 
● Percentage of Project Improvement Fund funded projects resulting in 
innovations in the XSEDE organization 
● Mean rating of innovation within the organization by XSEDE staff 
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In grasping the scope of XSEDE’s activities, it is perhaps useful to liken XSEDE’s integrated set of efforts 
to that of a physical center supporting advanced digital services and research computing. In this case, 
research computing resources are operated and funded by separate NSF awards to Service Providers 
(SPs). XSEDE provides central services to complement and integrate those SP awards and resources 
into a common ecosystem and provides these services more efficiently and cost-effectively for NSF and 
the user community. XSEDE coordinates and supports education and outreach (CEE), front-line and 
advanced user support (CEE and ECSS), allocations review and processing (RAS), operation of shared 
enterprise services (Operations), and well-designed strategies for resource integration (XCI), all guided 
by common practices, communication, and administration (Program Office). XSEDE activities are 
logically organized across L2 (Work Breakdown Structure Level 2) areas to eliminate duplication of 
effort and allow effective management and focus; however, as with a physical center, each area depends 
on and supports the others in successfully completing XSEDE's mission and goals. And like a physical 
center, all parts of XSEDE are bound into a coherent and more effective whole by a shared set of values 
of the XSEDE project that bring synergy to the project: 
• A focus on people: people are the most valuable resource in the pursuit of knowledge. XSEDE 
creates a strong sense of coherent community, connecting the research community and the 
technical expertise they partner with from XSEDE to harness a set of coherent services and 
infrastructure. 
• Raising awareness of the value of advanced digital services: given that effective integration and 
coordination of advanced digital services within the national ecosystem to support 
contemporary science by nature makes that integration and coordination less visible, it is 
precisely the rich set of less visible cross-connections among the activities of XSEDE that make it 
much more than the sum of its parts and much more effective in the support of science and 
education. 
• Integrating and helping expand effective use of the national cyberinfrastructure across 
disciplines and across campuses: XSEDE is driven to bring the capabilities of the advanced 
digital services ecosystem to scholars, researchers, and engineers across all domains. XSEDE 
aids academic institutions across the US by providing resources and enabling more effective use 
and integration of local resources as part of the national cyberinfrastructure, better leveraging 
local investments in CI. 
• A significant, persistent, secure, and reliable environment for conduct of research: the highly 
integrated nature of XSEDE enables a coherent approach to creating a trusted and protected 
environment that provides a long-term platform to empower modern science and engineering 
research and education. The long-term lifespan of XSEDE means that researchers can plan 
activities and count on years of use of resources and support from XSEDE. 
• Accountability and transparency: while XSEDE has organized in alignment with its strategic 
goals that provide primary focus for each of the organizational units of the project, it is only 
through the unified management of the project that full accountability and transparency can be 
realized given the underlying cross-dependencies and synergies of the organizational units. 
Shared values are a social construct that XSEDE has developed over many years working with all its 
stakeholders. These values, in conjunction with the effective cross-organizational management 
techniques developed by XSEDE, enable XSEDE not only to articulate a vision of the future, but to 
demonstrate the trusted and dependable leadership necessary to make that vision a reality for the 
community. 
 Summary & Project Highlights 
The XSEDE project continues to provide significant value to the national research community by 
enabling high-impact scientific advances across a broad range of disciplines. In XSEDE’s continuing 
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documentation of science success, a few key examples of efforts that have been enabled by XSEDE in 
conjunction with our Service Provider (SP) partners have been selected. These are highlighted in §2 of 
this report addressing research problems from a range of domains including: plastic-eating bacteria, 
RNA and DNA research, preeclampsia, brain sciences, social media impacts, and COVID-19 spread. A 
continually updated collection of these successes is documented on the XSEDE website.6 
Adding value and expanding the value of NSF’s investment in advanced computing for the research 
community, nationally and internationally, is the focus of the portion of the XSEDE mission statement 
which reads, “coordinate and add significant value to the leading cyberinfrastructure resources funded 
by the NSF and other agencies.” This reporting period was filled with significant contributions to the 
research community by every area of the project. 
PEARC21 Conference 
As expected, XSEDE personnel were deeply involved in the PEARC21 conference during this reporting 
period. XSEDE personnel participated in the planning and coordination of the conference, including the 
executive committee, technical tracks, and student program, and more than 50 XSEDE staff gave 
presentations throughout the conference. In addition, over 200 Champions benefited from the XSEDE 
support for registration, and many of them contributed content to the conference by sharing their 
accomplishments and challenges through workshops, papers, BoFs, posters, and panels. Mohammed 
Tanash, a 2019 Campus Champion Fellow, received the Best Paper Award at PEARC21, based on work 
supported during his tenure with XCI. More details in §4.  
Operations’ Data Transfer Services (DTS) group coordinated a PEARC21 BoF titled “Science DMZ 
Experiences: Sharing Considerations and Approaches on Deploying and Maintaining a Science DMZ.” 
The goal was to bring together cyberinfrastructure engineers who are working on building or 
maintaining Science DMZs to discuss the various aspects of their deployments for the collective benefit 
of the community. It had more than 75 attendees. More details in §7. 
Members of the CEE-led Terminology Task Force facilitated a highly interactive and successful 
PEARC21 BoF. More details in §4. 
 
Services and Service Providers 
In addition to the contributions to the PEARC21 conference, the project was very busy with new and 
improved services to the community. XCI released a new Globus Connect Server v5 service to Service 
Providers that will significantly enhance researchers’ ability to move, share, and access data, and 
significantly enhance service provider ability to configure and manage data transfer and sharing 
capabilities. XCI also released an update to the Resource Description Repository that simplifies and 
streamlines how Service Providers describe their resources and how resource descriptions are 
organized internally. More details on all XCI efforts can be found in §6.  
A major effort for the RAS team during this reporting period was ongoing work to implement the core 
services supporting the redesigned XSEDE Accounting Service (XACCT). The web services that receive 
allocation information from XRAS and pass the data to Service Providers via AMIE were rewritten to 
take advantage of the overhauled accounting schema. Improvements to XRAS also continued, including 
the addition of support for observers in XRAS Review, which allows administrators to manage access 
for additional, non-reviewer participants to the XRAS Review site. 
The RAS team also added two new members to the XSEDE Federation in the Level 3 capacity—Arizona 
State University and Fluid Numerics. RAS also onboarded a number of new service providers into the 
XSEDE allocations environment. The University of Delaware, Johns Hopkins University, and Texas A&M 
University were all added as new AMIE sites and early Research allocations were made on forthcoming 
 
6 https://www.xsede.org/science-successes 
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systems at Purdue University and NCSA at the June 2021 XRAC meeting. More details on all RAS efforts 
can be found in §8. 
The DTS team within XSEDE Operations joined both the XSEDE Service Provider Forum and the SP 
Software Meeting in June to discuss DTS engagement services. DTS would like the forum and software 
meeting members’ input to help them better understand the data transfer elements of XSEDE users' 
science workflow requirements. More details in §7. 
CEE continues to make a strong impact in the research community. They co-facilitated the June 
Advanced Computing for Social Change (ACSC) Workshop. Criteria for acceptance included the 
potential to incorporate the ACSC Modules-in-a-Box into courses in the upcoming academic year. In 
addition, CEE led the XSEDE-sponsored virtual Supporting Pacific Indigenous Computing Excellence 
(SPICE) Summer Immersive Experience in collaboration with Chaminade University of Honolulu. The 
month-long data science program trained 22 students, the majority of whom were Native Hawaiians. 
CEE also continues to lead the XSEDE Terminology Task Force, which launched a terminology page that 
includes a searchable table with a living list of terms deemed inappropriate for use across the XSEDE 
organization. More details on all of these contributions can be found in §4. 
Details of each of the functional area priorities can be found in §4-9 of this report.  
 COVID-19 Contributions 
XSEDE continues to play a key role in the nation’s (and the world’s) response to the COVID-19 
pandemic. 
COVID-19 HPC Consortium:7 The Consortium continues to provide support to research addressing the 
COVID-19 pandemic. PI John Towns and RAS Allocations Process & Policies (APP) L3 Manager Ken 
Hackworth continue in their respective roles as previously described in the XSEDE RY4 Annual Report 
with updates in IPRs provided subsequently. During this reporting period, the number of allocations 
made via the Consortium has continued at a rate of 0-2 proposals per week. As previously expected, as 
allocations made early in the process expire, new/supplemental requests are being submitted by the 
PIs. In addition, some new proposers have merged in response to addressing the Delta variant of the 
SARS-COV-2 virus.  
Details are provided in weekly reports submitted by Towns to NSF aggregating information on efforts 
related to the Consortium and allocations made by other means. These are available in the record of the 
project at NSF and will not be repeated here.  
As of July 31, 2021, the Consortium received 204 requests in total through the XSEDE Resource 
Allocations System (XRAS) (8 new since the XSEDE RY5 Annual Report). Of these, 106 (five new since 
the RY5 Annual Report) projects were provided access to resources with 49 (five new since the RY5 
Annual Report) of these being allocated on NSF resources. A complete list of active projects provided 
access via the Consortium is available on the Consortium’s Active Projects page.8 All projects allocated 





7 https://covid19-hpc-consortium.org/  
8 https://covid19-hpc-consortium.org/projects 
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2. Science, Engineering, & Program Highlights 
This section provides a select set of science and engineering highlights as well as program highlights 
from the community of researchers with whom we collaborate. These are drawn from the most recent 
reporting period (RP1 of RY6). A complete collection of highlights can be found on the XSEDE website.9  
  Supercomputers Help Reveal Dynamic Plastic-Eating Duo  
Plastic waste is a big problem for the environment. About 300 million tons10 are produced every year, 
according to the United Nations. Much of that is polyethylene terephthalate (PET) used to make single-
use plastic bottles, carpets, and clamshell packaging. In the U.S., the Environmental Protection Agency 
estimates11 annually only about 29% of PET bottles are recycled.   
In 2016, Japanese scientists discovered12 the bacteria Ideonella sakaiensis had evolved digestive 
enzymes called PETase13 that break down PET. In 2020, XSEDE-allocated supercomputers helped 
reveal more about a sidekick enzyme that helps PETase break down PET plastic.  
While dealing with plastic pollution at scale remains daunting, in the words of Jeff Goldblum's character 
in Jurassic Park, "Life finds a way."  
Why It's Important  
In a nutshell, supercomputer simulations revealed how the two enzymes work better when they 
cooperate in breaking down PET plastic (see Figure 1), a six-fold improvement versus PETase alone. 
Scientists at the National Renewable Energy Laboratory (NREL) hope this research can inform future 
strategies for plastic upcycling, which takes plastic waste and breaks it down into commercially 
valuable components that can 
make new products.  
"This most recent study focuses 
on the partner enzyme of PETase, 
which is called Metasets. It works 
on mono (2-hydroxyethyl) 
terephthalate (MHET), one of the 
plastic breakdown molecules 
PETase produces," said Brandon 
Knott, a staff engineer at NREL in 
Golden, Colorado.  
Knott co-authored the study14 on 
MHETase published in the 
Proceedings of the National 
Academy of Sciences in October 
2020.   
"There are some aspects in which 
the enzymes are quite similar, 
including their catalytic residues," 










Figure 1: The dynamic enzyme duo of PETase and MHETase work well together 
break down PET plastic, commonly found in disposable bottles. Supercomputer 
simulations have revealed greater understanding of the reaction mechanism of 
this recently discovered two-enzyme system. Scientists hope this research can 
inform future cocktail-based strategies for plastic upcycling. Credit: Knott et al., 
DOI: 10.1073/pnas.2006753117 
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other aspects where they're quite different, which leads to them having different substrates 
specificities." These differences help explain why they work well together, where MHETase cleans up 
what PETase can't.  
Co-author Erika Erickson, a postdoctoral researcher at NREL, led the wet lab investigation of MHETase, 
expressing and purifying it to characterize what substrates it is able to break down, how quickly, and 
what the limitations of that reaction are. She also explored different MHETase mutations to see if they 
improved or abolished activity.  
"There's a synergistic behavior between PETase and MHETase," Erickson explained. "While PETase is 
very exciting on its own, when friends are involved it's a much more efficient process."  
Knott added that pivotal to the paper was quantifying how much MHETase helps PETase in terms of 
how much PET plastic is broken down.   
"By adding MHETase into the mix with PETase, PET is broken down twice as well," he said. "Add the 
chimera enzyme where they're covalently bonded together, and you get another factor of three 
improvement in the PET depolymerization. Altogether going from PETase alone to the chimera enzyme, 
you have a six-fold improvement in terms of PET depolymerization."  
How XSEDE Helped  
The research team was awarded supercomputer allocations to run molecular dynamics simulations of 
MHETase and PETase in their plastic degradation research on XSEDE-allocated supercomputers. 
Stampede2 at the Texas Advanced Computing Center, Comet at the San Diego Supercomputer Center, 
and the NREL Eagle supercomputer supported by the DOE Office of Energy Efficiency and Renewable 
Energy were relied upon for this study.  
"Our group has been convinced for a very long time that coupling computer simulations with wet-lab 
experiments, with crystal structures, and with various other techniques is really powerful," Knott said.   
The simulations allowed the team to add a dynamic complement to the static crystal structures that 
otherwise would not have been feasible in their investigation of the reaction mechanisms.  
Corresponding author Gregg Beckham has employed XSEDE resources continuously since 2009 in the 
context of investigating biological systems to degrade recalcitrant natural polymers such as cellulose, 
and now with PET plastic. In 2018, Beckham's group used XSEDE15 to solve the structure of PETase.  
In this latest study, the researchers used simulation to find the rate-limiting step of reaction, whether 
the ethylene glycol released by the PETase hangs around the active site of MHETase and helps in the 
reaction. The simulations showed ethylene glycol leaves the active site between step one and step two 
after it's cleaved off.   
"We can get at these kinds of questions in detail with exquisite time and space resolution with the 
molecular simulations," Knott said. "They would be very difficult or impossible to answer with 
experiment, given the space and time resolution that we have available to us in molecular simulation."  
The supercomputing resources were critical in helping the researchers overcome challenges and to 
facilitate the work.  
"Having these reliable resources from XSEDE with such a high capacity, in terms of the number of high-
performance nodes, professional administration, and the high level of support is essential to the science 
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While still far from a solution that deals with the scale of the global plastic waste problem, the scientists 
see reason for hope.   
"Some companies have started to truly make progress in this direction, that there could be some 
enzymatic or biological processes for degrading certain types of plastic waste. But there's still a lot of 
work to do here in optimization and achieving a scale that will make a real difference, and not just be a 
demonstration," Erickson said.  
"One of the advantages of doing this biologically is that the breakdown to monomers gives you a lot of 
flexibility, not only to recycle plastic and displace that petroleum usage and divert waste from landfills 
or the environment, but also the flexibility to produce virgin quality PET again," Knott added.  
It's remarkable that nature rapidly identified a possible strategy to help with humanity's plastic waste 
problem.  
"This isn't a magic bullet that fixes our situation and saves us from ourselves," Erickson said. "This may 
be one of many solutions—the impact of this type of research is to remind the public that this is an 
issue."  
The study16, "Characterization and engineering of a two-enzyme system for plastics depolymerization," 
was published October 2020 in the Proceedings of the National Academy of Sciences. Funding was 
provided by the DOE, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing 
Office and Bioenergy Technologies Office. Computer time was provided by XSEDE allocation MCB-
090159 at the San Diego Supercomputing Center and the Texas Advanced Computing Center, and by the 
National Renewable Energy Laboratory Computational Sciences Center supported by the DOE Office of 
Energy Efficiency and Renewable Energy under Contract DE-AC36-08GO28308. 
 RNA Atlas Assembles Comprehensive Knowledge on Human Transcriptome 
Researchers at Ghent University, Amsterdam University of Medicine, National Chiao Tung University, 
UNSW Sydney, Illumina, and the Baylor College of Medicine have built one of the most comprehensive 
catalogs of the human transcriptome ever. By combining complementary sequencing techniques, they 
have deepened our understanding of the function of known ribonucleic acid (RNA) molecules and 
discovered thousands of new RNAs. 
Why It's Important 
RNAs are a nucleic acid present in all living cells. Their principal role is to act as a messenger carrying 
instructions from DNA for controlling the synthesis of proteins. 
Their research, published in Nature Biotechnology17 in June 2021, is the result of more than five years of 
work to further unravel the complexity of the human transcriptome. A better understanding of the 
human transcriptome is essential to study disease processes and uncover novel genes that may serve as 
therapeutic targets or biomarkers. 
How XSEDE Helped 
The researchers relied on XSEDE resources to prove that these genes play a role in cells and tissues and 
are not merely byproducts of other cellular processes. 
"Over the past three years we've received generous allocations of computing time on the XSEDE-
allocated Stampede2 supercomputer," said Pavel Sumazin, an associate professor in pediatrics–
oncology at Baylor College of Medicine and member of the Dan L Duncan Comprehensive Cancer Center. 
"We used Stampede2 to predict the function of thousands of genes that were never before identified. 
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single-exon long non-coding RNAs, which were previously categorized as junk RNAs—are important 
regulators of key pathways in multiple human cells and tissues." 
 "This analysis was computationally intensive because it required computing distance and delta 
distance correlations for many billions of gene pairs and triplets, respectively, including the creation of 
null distributions to evaluate significance," Sumazin said. 
The transcriptome is the sum of all RNA molecules that are transcribed from the DNA strands that make 
up our genome. However, there is not a one-for-one relationship. Firstly, each cell and tissue have 
unique transcriptomes, with varying RNA production and compositions, including tissue-specific RNAs. 
Secondly, not all RNAs are transcribed from typical, protein-coding genes that eventually produce 
proteins. Many of our RNA molecules are not used as a template to build proteins. They originate from 
what once was called junk DNA, or long sequences of DNA with unknown functions. 
These non-coding RNAs (ncRNAs) come in all kinds of shapes and sizes: short, long, and even circular 
RNAs. Many of them even lack the tail of adenine molecules that is typical for protein-coding RNAs. 
"There have been other projects to catalog our transcriptome but the RNA-Atlas project is unique 
because of the applied sequencing methods," said Pieter Mestdagh, professor at the Center for Medical 
Genetics at Ghent University. "Not only did we look at the transcriptome of as many as 300 human cell 
and tissue types but, most importantly, we did so with three complementary sequencing technologies, 
one aimed at small RNAs, one aimed at polyadenylated (polyA) RNAs, and a technique called total RNA 
sequencing." 
This last sequencing technology led to the discovery of thousands of novel non-coding RNA genes, 
including a novel class of non-polyadenylated single-exon genes and many new circular RNAs. By 
combining and comparing the results of the different sequencing methods, the researchers were able to 
define for every measured RNA transcript, the abundance in the different cells and tissues, whether it 
has a polyA-tail or not (it appears that for some genes this can differ from cell type to cell type), and 
whether it is linear or circular. Moreover, the consortium searched and found important clues in 
determining the function of some of the ncRNAs. By looking at the abundance of different RNAs in 
different cell types they found correlations that indicate regulatory functions and could determine 
whether this regulation happens on the transcription level (by preventing or stimulating transcription 
of protein-coding genes) or post-transcriptional (e.g. by breaking down RNAs). 
"By combining all data in one comprehensive catalog, we have created a new valuable resource for 
biomedical scientists around the world studying disease processes," Sumazin said. "The age of RNA 
therapeutics is swiftly rising—we've all witnessed the impressive creation of RNA vaccines, and already 
the first medicines that target RNA are used in the clinic. I'm sure we'll see lots more of these therapies 
in the next years and decades." 
The XSEDE allocation for this research is MCB180203. 
 XSEDE-Supported Modeling Results in New Findings for Preeclampsia 
Patients 
According to the Centers for Disease Control and Prevention (CDC), preeclampsia, or pregnancy-related 
hypertension, occurs in roughly one in 25 pregnancies in the United States. The causes are unknown 
and childbirth is the only remedy, which can sometimes lead to adverse perinatal outcomes, such as 
preterm delivery. To better understand this serious pregnancy complication, which reduces blood 
supply to the fetus, researchers used XSEDE allocations on Comet at the San Diego Supercomputer 
Center (SDSC) at UC San Diego to conduct cellular modeling to detail the differences between normal 
and preeclampsia placental tissue.  
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The researchers (see Figure 2) recently published 
findings from what they call their "disease-in-a 
dish" model in an article entitled “Modeling 
Preeclampsia Using Human Induced Pluripotent 
Stem Cells in Scientific Reports.”18 
"We know this disease originates in early 
pregnancy, a period which is very difficult to 
study in an ongoing pregnancy, so we decided to 
take cells from the placenta at delivery and 
reprogram them into induced pluripotent stem 
cells, iPSC, which is like sending cells back in 
time," said Mariko Horii, MD, principal 
investigator and assistant adjunct professor at UC 
San Diego School of Medicine. "The iPSC was then 
differentiated into cells resembling placental cells 
in early pregnancy and allowed our group to 
successfully recapitulate this disease in the dish—
we were then able to examine the underlying 
pathophysiology of preeclampsia." 
The team's analyses revealed that preeclampsia-
associated cellular defects are partly secondary to 
an abnormal response to the maternal 
microenvironment. That is, preeclampsia is 
associated with a low-oxygen microenvironment 
in the uterus, and Comet-enabled calculations showed that the researchers' model successfully re-
created this scenario in vitro. 
Why It's Important 
"Our group is inspired by all the suffering caused by pregnancy complications and are the result of a 
lack of understanding of the placenta, a vital organ for the baby during in-utero growth and 
development," said Horii. "Because iPSC are patient-derived cells, they have been used for numerous 
cell-based modeling systems of multiple complex diseases such as Alzheimer's, and our group applied 
this technology to study preeclampsia, with the hopes of advancing the science underlying pregnancy 
complications and thus promoting maternal and neonatal health." 
This cell model system described by Horii not only allowed the researchers to better understand the 
fundamental concept of preeclampsia's microenvironment but also provided insight for future 
development of diagnostic tools and identification of potential medications. Further, Horii said that this 
iPSC-based model system can now be used to study other placenta-associated pregnancy disorders 
such as fetal growth restriction, miscarriage and preterm birth. 
How XSEDE Helped  
"Genomic data analysis is compute-intensive, and our access to Comet compute resources enabled us to 
create a cellular model for preeclampsia and discover differences between normal and preeclamptic 
placental tissue," said Horii. "It would have been extremely difficult to perform the analyses without 
access to an XSEDE allocation, and using Comet allowed us to direct our resources toward modeling 
preeclampsia instead of diluting our efforts because we needed to determine details of compute 
resources." 
 
18 https://www.nature.com/articles/s41598-021-85230-5  
 
Figure 2: A team of UC San Diego researchers has 
recently published novel preeclampsia models to aid in 
understanding this pregnancy complication that occurs 
in one of 25 U.S. pregnancies. Researchers include (left 
to right): Ojeni Touma (1,2) Mariko Horii (1,2) Robert 
Morey (2,3), and Tony Bui (1,2). 
1: Department of Pathology, UC San Diego 
2: Sanford Consortium for Regenerative Medicine, UC San 
Diego 
3: Department of Obstetrics, Gynecology, and 
Reproductive Sciences, UC San Diego 
Credit: UC San Diego 
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The research team first became acquainted with XSEDE in 2014, when colleagues received a start-up 
allocation at SDSC to help with their work that required complex genomic data to answer difficult 
biological questions. When they saw the success of their colleagues' experience with XSEDE, they 
applied for and received their own start-up XSEDE allocation at SDSC in late 2014.  
"Over the past seven years, SDSC's Mahidhar Tatineni and Marty Kandes have helped us on countless 
occasions through the installation of necessary software and improving our data analysis scripts," said 
Horii. "Access to XSEDE resources has enabled us to perform experiments at the genome level, whereas 
before we used to measure how pregnancy disorders affected a handful of genes. Now, with access to 
SDSC supercomputers, we are able to measure at the genome-wide level." 
What's Next? 
While the research team made great strides with this recent finding, they plan to study further the 
relationship between the maternal microenvironment and development of placental disease. 
Specifically, they're using XSEDE resources to help with their development of a three-dimensional 
cellular model to study the maternal-fetal interface.  
"Currently, model systems are in two-dimensional cultures with single-cell types, which are hard to 
study as the placenta consists of maternal and fetal cells with multiple cell types, such as placental cells 
(fetal origin), maternal immune cells and maternal endometrial cells," explained Horii. "Combining 
these cell types together into a three-dimensional structure will lead to a better understanding of the 
more complex interactions and cell-to-cell signaling, which can then be applied to the disease setting to 
further understand pathophysiology. We look forward to our continued allocations from XSEDE to 
assist with this important future work." 
The research team was supported by California Institute for Regenerative Medicine (CIRM) Physician-
Scientist Award (RN3-06396), National Institutes of Health (NIH) ( T32GM8806), NIH/National 
Institute of Child Health and Human Development (NICHD) (R01HD-089537 and K99 HD091452), 
CIRM Research and Training (TG2-01154), CIRM Bridges to Stem Cell Research Internship Program 
(EDUC2-08376), and CHA University School of Medicine. Computational data was generated at UC San 
Diego's IGM Genomics Center utilizing an Illumina NovaSeq 6000 purchased with funding from NIH (t 
S10 OD026929) and used XSEDE allocation TG-MCB140074 on Comet for computational analysis, which 
is supported by NSF (ACI-1548562). 
 Cloud Computing Expands Brain Sciences  
As an expert in vision science, neuroinformatics, brain imaging, computational neuroscience, and data 
science, Franco Pestilli's research has advanced the understanding of human cognition and brain 
networks over the last 15 years.  
"The field of neuroscience looks at the brain in multiple ways," says Pestilli, a neuroscientist at The 
University of Texas at Austin (UT Austin). "For example, we're interested in how neurons compute and 
allow us to quickly react—it's a fast response requiring visual attention and motor control. 
Understanding the brain needs big data to capture all dimensions of human behavior." 
Why It's Important  
The field of neuroscience is moving from small data sets to large data sets. Larger data sets mean that 
scientists can extract more statistically powerful insights from the information they collect.  
From 1,000 subjects to 10,000 subjects to 500,000 subjects—the data sets keep growing.  
For example, the Adolescent Brain Cognitive Development Study is one of the largest, long-term studies 
of brain development and child health in the United States. The study collects data from over 10,000 
adolescent brains to understand biological and behavioral development from adolescence into young 
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adulthood. In another part of the world, the UK 
Biobank contains in-depth health information from 
more than 500,000 participants who donated their 
genetic and clinical data for the good of science; 
100,000 of these participants donated brain scans. 
"As each new project scales up," Pestilli said, "the size 
of the data set also scales up, and as a result, the needs 
for storage and computing change. We're building 
datasets of a size and impact that only supercomputers 
can effectively cope. With the recent advent of 
machine-learning and artificial-intelligent methods, 
and their potential to help humans understand the 
brain, we need to change our paradigm for data 
management, analysis, and storage." 
Pestilli says that neuroscience research cannot survive 
unless a cohesive ecosystem is built that will integrate 
the needs of the scientists with hardware and software 
needs, given the tremendous amount of data and the 
next-generation questions to be explored.  
He says that many of the tools developed so far are not 
easily integrated into a typical workflow or ready to use.  
"To make an impact in neuroscience and connect the discipline to the most cutting-edge technologies 
such as machine learning and artificial intelligence, the community needs a cohesive infrastructure for 
cloud computing and data science to bring all these tremendous tools, libraries, data archives, and 
standards closer to the researchers who are working for the good of society," he said.  
Pestilli found a like-minded collaborator who shares this vision in Dan Stanzione, the executive director 
of the Texas Advanced Computing Center (TACC) and a nationally recognized leader in HPC.  
Together, they plan to create a national infrastructure that provides a registry for permanent data and 
analyses records. Researchers will be able to find data and more transparently see the root of how the 
analysis was conducted. The infrastructure will facilitate what the NSF requires in data proposals and 
what researchers want, which is scientific impact and reproducibility. 
In addition, this means that access to data, analysis methods, and computational resources will move 
toward a more equitable model, providing opportunities for many more students, educators, and 
researchers than ever before.  
"I'm confident that we can get it done—this vision is a crucial part of my efforts here." 
How XSEDE Helped 
New cloud technologies are becoming necessary to help researchers collaborate, process, visualize and 
manage large amounts of data at unprecedented scales. These include supercomputers, many of which 
are allocated by the National Science Foundation-funded Extreme Science and Engineering Discovery 
Environment (XSEDE). 
A key aspect of Pestilli's work started in 2017 when he received a grant from the BRAIN Initiative19 





Figure 3: White matter anatomy segmentation using 
diffusion-weighted magnetic resonance imaging. 
Major white matter tracts were created using the 
White Matter Anatomy segmentation App from the 
brainlife.io platform. Photo courtesy of UT Research 
Fellow Sandra Hanekamp. Adapted from: Hanekamp, 
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The Brainlife.io computing platform (see Figure 3) provides a full suite of web services to support 
reproducible research on the cloud. More than 1,600 scientists from around the world have accessed 
the platform thus far. Brainlife.io allows them to upload, manage, track, analyze, share, and visualize the 
results of their data. 
The platform relies on supercomputing infrastructure to run simulations on high-performance 
computing (HPC) hardware. "National systems like Jetstream (Indiana University/TACC), Stampede2 
(TACC), and Bridges-2 (Pittsburgh Supercomputing Center) are fundamental to what we do. We've 
received a lot of support from XSEDE." 
The platform currently serves different scientists from psychology to medical science to neuroscience 
and includes more than 600 data-processing tools. Brainlife.io integrates different expertise and 
development mechanisms for making code and publishing it on the cloud—while tracking every detail 
that happens to the data.  
"We've processed more than 300,000 datasets thus far—and we're serving many new users as the 
number of scientists accessing our platform has exploded during the pandemic," Pestilli said. "A lot of 
new people came to Brainlife.io because they lost access to their physical facilities." 
Brainlife.io is also funded via collaborative awards from the National Institutes of Health (NIH) and the 
Department of Defense.  
Aina Puce is a professor in Psychological and Brain Science at Indiana University. She is a self-
proclaimed neophyte with regard to Brainlife.io. Yet, she is a world expert in neuroimaging, and the 
principal investigator of an NIH grant that supports the development of neurophysiological data 
management and analyses on the platform.  
"I jumped in at the deep end to help Franco and his team expand the functionality of the platform to 
neurophysiological data," Puce said.  
"Brainlife.io is allowing us to start to perform cutting-edge analyses, integrating neurophysiological 
data and MRI-based data. Studies include research explicitly linking brain structure to brain function, 
such as how information gets transported from region to region, and how blood flow and brain 
electrical activity change when performing particular tasks."  
Soon, a suite of new tools will be available on Brainlife.io for users to integrate EEG 
(electroencephalography), MEG (magnetoencephalography), and MRI (magnetic resonance imaging) 
data, which is "unique and will be tremendously helpful for both science and society," she said. 
"This is what we are bringing to Brainlife.io for the first time," Puce said.  
The XSEDE allocation for Brainlife.io is DBS170009. 
 Supercomputers Aid in Maternal and Paternal DNA Research at UC Irvine 
 University of California Irvine scientists recently used National Science Foundation Extreme Science 
and Engineering Discovery Environment (XSEDE) allocations on Comet at the San Diego Supercomputer 
Center, at UC San Diego, and Bridges at the Pittsburgh Supercomputing Center, to better understand 
contributions from maternal and paternal lineages in genome sequences (see Figure 4). 
"While sequencing genomes has become a fundamental goal and tool in science, the problem has been 
that many genomes have been difficult to fully resolve by sequencing because they contain distinct 
contributions from maternal and paternal lineages," said Brandon Gaut, an ecology and evolutionary 
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biology professor at UC Irvine. "Our work 
used computer science optimization 
methods to help resolve the accuracy of 
separating maternal and parental DNA in 
genomes." 
Why It's Important 
This novel research, detailed in a January 
2021 BMC Bioinformatics journal article20, 
not only leads to improvements in 
genome completeness, but also helps 
scientists better understand the genetic 
relationships between individuals, 
populations, and species. In turn, that may 
lead to improvements in medicine and 
food production for varying populations. 
"Comet and Bridges were powerful enough 
to run our new genome sequence 
haplotype separation and optimization method called HapSolo," said NSF Graduate Student Fellow 
Edwin Solares, first author of the journal article and also funded by the UC President's Pre-Professoriate 
Fellowship. "With the help of the XSEDE allocations on supercomputers, we were able to illustrate the 
performance of HapSolo on genome data from three species: the Chardonnay grape, a mosquito, and the 
thorny skate." 
How XSEDE Helped 
Solares explained that Comet and Bridges ran calculations for the genomes of the Chardonnay grape 
(Vitis vinifera) with a genome of 490 Mb (mega base pairs), a mosquito (Anopheles funestus; 200 Mb) 
and the thorny skate (Amblyraja radiata; 2650 Mb). "The use of supercomputers for these analyses cut 
our run time in half for several of our samples," he said. "Being able to use XSEDE resources allowed us 
to focus on the science—instead of computational issues that are certain to arise without the use of 
supercomputers like Comet and Bridges." 
Solares is supported by an NSF Graduate Research Program Fellowship Grant (DGE-1321846), which 
supported his time to formulate and execute the study. Additional support came from the NSF (grant 
no. 1741627), NIH (grant nos. R01OD010974 and R01GM115562) and XSEDE awards (ACI-1548562, 
ACI-1445606 and TG-MCB180035).  
 Hijacking of Pro-Vaccination Twitter Effort is Focus of Analysis using XSEDE 
Resources 
A well-intentioned 2020 Twitter effort by doctors to support vaccination called "#DoctorsSpeakUp" 
backfired in a flurry of anti-vaccination tweets. Using the XSEDE-allocated Bridges and Bridges-2 at the 
Pittsburgh Supercomputing Center (PSC) and working with XSEDE's Extended Collaborative Support 
Service (ECSS), scientists analyzed Twitter content on the day of that event, discovering the elements 
that made the anti-vaccination message so strong, as well as the superior pre-event organization that 
made it overwhelming. Based on these findings, the team created a list of seven best practices for future 
social media events in support of medical and public health efforts. 




Figure 4: Genomes of the Chardonnay grape (Vitis vinifera), 
mosquito (Anopheles funestus; 200 Mb) and thorny skate 
(Amblyraja radiata; 2650 Mb) were sequenced using multiple 
supercomputers.  
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It began with the noblest of intentions. A physician 
with a popular Twitter account—Zubin Damania, 
known as ZDoggMD online—decided to clear the air 
on vaccines. Tell people what they needed to know 
about vaccines, like how they made deadly scourges 
like smallpox and polio a thing of the past. Or how 
even today, in modern societies, diseases like 
measles can sicken children and adults—and 
worse—in communities with low vaccination rates.  
So ZDoggMD called on his colleagues to share their 
stories and thoughts about the value of vaccination 
and the risks of vaccine-preventable diseases. The 
community would launch #DoctorsSpeakUp on 
March 5, 2020. If done right and communicated broadly enough, such a health-information effort could 
get the word out on preventing new and ongoing health threats, making their patients—and everyone 
around them—live longer and healthier lives. 
It didn't work out the way the doctors planned. 
Instead of stories about the value of vaccines, the effort saw a surge of anti-vaccination tweets. The 
event had been hijacked. 
Jason Colditz of the University of Pittsburgh School of Medicine and his colleagues at the Pitt Graduate 
School of Public Health, the Pitt School of Health and Rehabilitation Sciences, and Kids Plus Pediatrics of 
Pittsburgh decided to better understand how anti-vaccine voices came to dominate the 
#DoctorsSpeakUp Twitter event. Using the powerful data processing capabilities of the Bridges and 
Bridges-2 advanced research computing systems, they wanted to tame the vast flow of Tweets 
associated with the event, gleaning clues about the origin and surprising level of organization behind 
the anti-vaccine response. 
How XSEDE Helped 
Across a number of previous projects, ECSS staff, particularly PSC Senior Scientific Specialist Joel 
Welling, had helped the team get their analyses running using Twitter data, fine-tuning the computing 
until it ran reliably, through Bridges' 2015-2021 tenure and into a smooth switchover to Bridges-2. With 
Bridges and then Bridges-2, they examined how sentiment toward vaccination, type of account and 
tweet content—such as personal stories and general sentiment toward science—interrelated on March 
5, 2020. Using software called Botometer, they also analyzed the accounts for telltale signs of being 
generated by a bot—a computer-generated message rather than one from a human.  
Of a sample of 847 #DoctorsSpeakUp-relevant tweets from the day of the event, 28.8% came from users 
identified as parents, 8% from health professionals and 5% from users identified as both. A whopping 
78.9% of all tweets were anti-vaccination. But the relationship was reversed among the health 
professionals, among whom 79.4% were pro-vaccination. Users who identified as both health 
professionals and parents were close to the same level, with 76.2% pro-vaccination. A staggering 96.3 
% of parent-only users were anti-vaccine, and over half—51.4%—of tweets from organizations were 
anti-vaccine. Though bots contributed only a small number of tweets on either side, anti-vaccination 
tweets were nearly five times as likely to be from bots as pro-vaccination tweets. 
The team uncovered how anti-vaccine voices came to dominate the #DoctorsSpeakUp event. Anti-
vaccine organizers undertook a concerted and widespread pre-event effort to recruit help far beyond 
what ZDoggMD and colleagues attempted. Widely circulated online posters encouraged parents to 
tweet in opposition to the doctors, suggesting wording for tweets—such as "When will 
#DoctorsSpeakUp that vaccines harm and kill children?"—that showed up in many of the March 5 
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tweets. "Anti-tweets" were surprisingly likely to include links to scientific research—89.7%—though 
the tweets often misrepresented that research. Personal stories were featured in 73.2% of anti-tweets. 
By comparison, only 26.8% of pro-tweets mentioned personal stories, and only 10.3% cited the 
scientific evidence for vaccine safety and effectiveness. Personal stories are especially important, as 
scientific research shows they convince people more effectively than scientific citation alone. While 
ZDoggMD is a popular social media figure, with 275,000 YouTube followers and 62,500 Twitter 
followers, the anti-vaccination groups amassed a far greater social media footprint. Also, well-meaning 
efforts to support #DoctorsSpeakUp—such as the sympathetic #NursesSpeakUp and #ParentsSpeakUp 
Twitter hashtags—may have diluted the endeavor by dividing pro-tweets among several hashtags 
while the anti-tweets used #DoctorsSpeakUp in a disciplined way to keep the anti-message 
concentrated. Finally, and unlike the anti-effort, #DoctorsSpeakUp didn't provide participants with 
sample tweets or training in responding to contrary views sympathetically and clearly. 
The scientists published their results in the journal Vaccine in May 202121. In that paper, the authors 
provided a list of seven best practices for social media health education efforts in the future. 
This work is supported by grant R01CA225773 from the National Cancer Institute. Technical 
infrastructure was supported through XSEDE, which is supported by National Science Foundation grant 
number ACI-1548562. Specifically, it used the Bridges system, which was supported by NSF award 
number ACI-1445606, at PSC. It also used the Bridges-2 system, which is supported by NSF award 
number ACI-1928147, at PSC. 
 XSEDE Systems Power Discovery of Two-X-Chromosome Male Voles 
Sex can be complicated. In creeping voles, a small rodent in the Pacific Northwest, it's even more so. 
Scientists using the XSEDE-allocated Bridges and Bridges-2 advanced research computers at the 
Pittsburgh Supercomputing Center to assemble DNA sequences discovered that, rather than the XX sex 
chromosomes that determine genetic females and XY that determine genetic males in mammals, this 
species has been doing just fine with only a single X chromosome in females and a strange combination 
of an X and another, different X in males. The work raises important questions on how early sexual 
development works (see Figure 6). 
Why It's Important 
In nature, sex can be really complicated. Earthworms are both sexes at once and impregnate each other 
when they mate. When a queen bee mates, her offspring will all be female. If she doesn't mate, they'll all 
be male. And some female lizards can reproduce by parthenogenesis. Without needing to mate, they can 
produce female offspring. 
The situation varies less among mammals—mostly. Over 150 million years ago, when mammals arose, 
they "settled" on the X and Y sex chromosome arrangement we all learned in school. A mammalian egg 
usually only contains a single X chromosome because genetic females are XX. It merges with a sperm, 
containing either an X or a Y chromosome since genetic males are XY. The resulting combination of the 
single sex chromosome each reproductive cell carries will determine the genetic sex of the offspring, XX 
or XY. 
The creeping vole, also known as the Oregon meadow mouse, has turned this regularity on its head. 
When it arose roughly 1.2 million years ago, this Pacific Northwest rodent made a huge departure from 
mammalian evolution that sets it apart from even closely related voles. Scientists have known since the 
1950s that creeping vole females and males weren't quite XX/XY. In 1963, the famous geneticist 
Susumo Ohno proposed that creeping vole females were "XO," having just a single X chromosome, while 
males were XY. But Ohno died before he could untangle what was really going on.  
 
21 https://www.sciencedirect.com/science/article/pii/S0264410X21003650?via%3Dihub 
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A collaboration of scientists at Harvard Medical 
School-affiliated Brigham and Women's Hospital; 
San Francisco State University; the University of 
California, Merced; and elsewhere decided to 
complete Ohno's work using the latest tools in 
genetic sequencing and computational assembly. 
Employing the NSF-funded Bridges and Bridges-2 
advanced research computing platforms, 
Brigham and Women's Brian Couger led the 
computational part of the work. He leveraged the 
high-memory capacity of those systems to 
assemble and identify the genes on the vole's sex 
chromosomes. What the collaborators found was 
even more surprising than Ohno had guessed—
surprising enough to earn the team a cover 
article in the prestigious journal Science.  
How XSEDE Helped 
Many of the most popular laboratory DNA 
sequencing methods can only sequence roughly 
75 to 400 DNA bases at a time. The bases are the 
"A, G, T, C" alphabet of the genetic language. So 
scientists have to split the DNA into millions of 
small pieces to fully sequence them. If it weren't 
for modern high-performance computing, that 
would produce a huge mess of tiny snippets of 
DNA code with no way of putting them into the 
right order. But by matching the overlapping 
codes in these minute fragments at light speed, an 
HPC system can put these millions of puzzle 
pieces together the right way, revealing the full 
code. 
Once they had the sequence data from the lab, the 
collaborators began their computational work on 
available local computers and campus computing clusters. But assembling the full DNA of the creeping 
vole's sex chromosomes would have taken an unreasonable amount of time without access to 
computing systems with massive memory. The same as RAM on a personal computer, memory enables 
the system to keep more of the fragmented DNA sequences in "mind" at one time, enabling it to identify 
overlaps more quickly without repeated, time-wasting trips back to storage—the equivalent of a PC's 
hard drive. 
Bridges, with its massive 12-terabyte extreme memory nodes, was the perfect match for this task. With 
about 1,000 times the memory of a typical PC, these nodes—of which the now-retired system had 
two—allowed the group to create an initial "short read" assembly relatively quickly. Using snippets of 
100 DNA bases or fewer, such an assembly can use more-easily generated data from the lab but also 
requires more memory. 
What this assembly revealed was even stranger than Ohno had guessed in 1963. Again, it's complicated. 
Ohno was correct that females were XO. But instead of an X and a Y chromosome in males, the new 
results uncovered two strange types of X chromosome. The single XM chromosome the team found in 
both females and males looked mostly like a traditional X chromosome—except that it contains a large 
 
 
Figure 6: In most mammals (top), the father (left) 
contributes and X or a Y chromosome and the mother (right) 
two Xs. When the sperm and egg merge, XY makes a genetic 
male offspring, XX female (center). To avoid double-strength 
X genes, in females one X chromosome is silenced (wiggly 
line). Leaping voles turn this convention on its head 
(bottom), with the father contributing only an XP 
chromosome. A second, XM, chromosome is mostly or all 
silenced in most of the male's cells, again shown by a wiggly 
line. That XM is lost when sperm cells form (center). The 
female in turn only contributes XM chromosomes (right). 
Offspring that get no sex chromosome from their father and 
the XM from their mother are genetically female; those that 
get an XM from mom and XP from dad are genetically male 
(center). 
From "Sex chromosome transformation and the origin 
of a male-specific X chromosome in the creeping vole." 
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region with 10 genes only found in the Y chromosomes of other mammals. In males, the XM is paired 
with an XP chromosome that was even stranger—it was 90% "standard" mammalian X chromosome 
with a segment that represented about 10% of the total chromosome length with homology, or 
similarity in DNA code, to Y chromosomes. 
In other mammals besides the creeping vole, having two X chromosomes poses a challenge for genetic 
females. If the genes on both copies were active at the same time, the X-chromosome genes would be 
twice as active as necessary. Instead, mammals have a mechanism called Xist that compensates for the 
two-gene dosage in females. In creeping voles it's the males who need help from the Xist mechanism—
Xist silences the XP genes in most cells so that the males don't have disruptive, double-strength gene 
expression from the two X chromosomes. Such gene silencing isn't necessary in creeping vole females 
since they only have the single XM. 
Stranger still, the male-only XP chromosome may have just seven of the 10 Y genes present on the XM 
chromosome. So it isn't clear if XP can fill the function of a Y chromosome (and is entirely silenced if it 
can't), or whether XM and XP share the function somehow. Another question is how the females avoid 
activating those XM "Y genes" in their development. One thing is certain: it all works because these 
rodents have so far survived roughly four times longer than our own species. 
The collaborators submitted a paper on their short-assembly sequence to Science, one of the world's 
most prestigious journals. The scientific reviewers at the journal were excited by the results but felt the 
short-read sequence didn't quite nail down the evidence. That's because short reads, starting with DNA 
fragments less than 100 bases, are more likely to contain matching errors. Because of these errors, the 
method can't always put the DNA snippets in the right order. A more extensive, but harder-to-generate, 
"long-read" sequence, using lab-derived snippets of DNA sequence of more than 15,000 bases, can 
prevent this problem. 
The authors of the paper agreed with the reviewers and went back to create a long-read assembly. 
Because the DNA sequences from the lab were now longer, the task required less memory but many 
CPU cores. So the new Bridges-2 platform's 488 regular memory nodes, containing either 256 or 512 
megabytes of RAM (still about 20 to 40 times as much each as a PC's total RAM), were perfect for the 
job. In a marathon session over the 2020-2021 holiday season, Couger and his colleagues prepared a 
long-read sequence that upheld the results of the short-read and greatly improved the continuity of the 
assembly. The team's work appeared on the cover of the May 6, 2021 issue of Science22.  
This work used the Extreme Science and Engineering Discovery Environment (XSEDE), which is 
supported by National Science Foundation grant number ACI-1548562. Specifically, it used the Bridges-
2 system, which is supported by NSF award number ACI-1928147, at the Pittsburgh Supercomputing 
Center (PSC). This work was also funded by National Science Foundation IOS 1558109 and start-up 
funds from the University of California, Riverside (P.C.), National Science Foundation MCB 1616878 
(S.W.R.), and National Institutes of Health R44GM134994 (K.J.L.) 
 XSEDE Systems Power DNA-Based Identification of Surface, Airborne 
Microbes Worldwide 
Dangerous microbes can emerge with little warning. Using XSEDE's advanced research computers, a 
team of scientists led by Christopher Mason of Weill Cornell Medicine has undertaken a vast analysis of 
microbial DNA in thousands of urban air and surface samples worldwide. The results revealed city-
specific "fingerprints" of bacteria and viruses. They also gave us a first look at the population of 
 
22 https://science.sciencemag.org/content/372/6542/592 
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dangerous antibiotic-resistance-
conveying genes across the globe, as 
well as thousands of previously 
undiscovered species in the urban 
microbial world. 
Why It's Important 
The rise of COVID-19 has given the 
world a harsh lesson on the importance 
of being aware of what the microbial 
world is doing, and which bacteria and 
viruses are where. Public health experts 
would like to monitor the microbial 
world much as an airport control tower 
monitors the airspace around it, 
knowing which aircraft are near and 
where they're heading. 
That's why a huge international 
collaboration, led by Christopher Mason, decided to employ the immense power of advanced research 
computing to assemble the DNA sequences of bacteria and viruses in the air in six cities and on surfaces 
in public transit locales in 60 cities worldwide. Using three of the most powerful XSEDE-allocated 
supercomputers in three different eras—the Pittsburgh Supercomputing Center's (PSC's) Blacklight 
from 2010 to 2015, Bridges from 2015 to February 2021, and Bridges-2 since—the team sequenced 
thousands of microbes' DNA all at once, using the computers' brute force to sort the genes and species 
electronically into a many-species metagenomic map for use by scientists and public health experts (see 
Figure 7). 
How XSEDE Helped 
Many of the most-used DNA sequencing methods can sequence at most a few hundred nucleotides—the 
A, C, T, G alphabet of the genetic code—at a time. Because of that, scientists need to match overlapping 
fragments of DNA to put the millions of nucleotides in an organism's genome in proper order. When the 
task is to sort and assemble DNA fragments from thousands of species of bacteria and viruses at once in 
a sample from the environment, this assembly task becomes enormous. Blacklight, Bridges, and Bridges-
2 all offered large-memory nodes that made this kind of task possible. The same as RAM in a personal 
computer, larger memory allows the machine to compare more fragments at once without wasting time 
going back to storage—like in a PC's hard drive—for more data. 
Graduate student David Danko at Weill Cornell Medicine and research associate Daniela Bezdan at Weill 
Cornell Medicine and the Abdulaziz Alsaud Institute for Computational Biomedicine worked with 
Mason and hundreds of scientists worldwide to collect 4,728 surface samples from mass transit 
locations in 60 cities worldwide in 2016 and 2017, and analyze their DNA sequences using these 
systems. In parallel work, M. H. Y. Leung and X. Tong at the City University of Hong Kong and K. O. Bøifot 
at the Norwegian Defence Research Establishment performed a similar analysis of 259 airborne 
samples in Denver, Hong Kong, London, New York City, Oslo, and Stockholm. 
The assembly results gave scientists their first metagenomic map of urban areas worldwide, opening a 
new era of disease surveillance. The surface samples contained more than 15,000 species of virus, 
bacteria and archaea, primitive bacteria-like organisms from which more complex plants and animals 
evolved. The airborne samples showed evidence of more than 450 microbial species. More interesting, 
fewer than 10 percent of the microbes identified from their DNA were species known to science, 
revealing a vast unknown microbial environment. 
 
Figure 7: The fingerprint of the microbial species in a given city’s public 
transit surfaces (coded by color) changed over time (samples from 2016 
shown as circles, 2017 triangles). But the cities remain distinct and 
different from each other. From Danko D, Bezdan D et al. “A Global 
Metagenomic Map of Urban Microbiomes and Antimicrobial Resistance,” 
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As expected from earlier research, cities had distinct microbial populations, with varying amounts of 31 
species from surfaces and 17 from the air, forming a kind of fingerprint that the scientists could use to 
identify the city of origin. These fingerprints varied over time, though the cities remained recognizably 
distinct. The team's results suggest that differences in climate, geography, population density and other 
factors may help drive these variations. One important facet of the work was to detect and monitor 
differences in 20 known genes that give bacteria resistance to antibiotics. These also differed widely 
between the cities. 
Together, the results offer the first high-resolution view of the types of microbes that exist in the 
environment in a way that can be harnessed to public health efforts. The collaborators reported their 
results in two papers, a cover story in the journal Cell23 on May 26, 2021, and an upcoming report in the 
journal Microbiome. The team is expanding their research, now collecting RNA data, which will open up 
a view of RNA viruses such as the coronavirus that causes COVID-19. They're also investigating 
artificial-intelligence driven classification of the results, to automatically detect metagenomic shifts that 
pose a threat to human health. 
For the Cell paper, the Tri-I Program in Computational Biology and Medicine (CBM) was supported by 
the NIH grant 1T32GM083937, GitHub, and XSEDE, which is supported by National Science Foundation 
grant number ACI-1548562. Specifically, it used the Bridges-2 system, which is supported by NSF award 
number ACI-1928147, at the Pittsburgh Supercomputing Center (PSC).  
The Microbiome paper used XSEDE, which is supported by National Science Foundation grant number 
ACI-1548562. Specifically, it used the Bridges-2 system, which is supported by NSF award number ACI-
1928147, at the Pittsburgh Supercomputing Center (PSC). 
 Stickiness of COVID Particles Reduces Airborne Concentration in 
Supermarkets 
No one likes a sticky public surface, but when it 
comes to shopping for groceries during a 
pandemic, stickiness might not be all that bad - as 
long as you use hand sanitizer. With various 
strains of the SARS-CoV-2 virus emerging 
simultaneously, vaccinations are being 
administered and ongoing virus mitigation 
strategies remain on the Centers for Disease 
Control and Prevention's list of guidelines. In the 
meantime, a team of environmental engineers 
recently used Comet at the San Diego 
Supercomputer Center at the University of 
California San Diego to simulate how the virus's 
airborne pathogens travel and land in the familiar 
setting of the supermarket.  
Led by Professor Michel Boufadel and Research 
Associate Fangda Cui from the New Jersey Institute 
of Technology, the Comet simulations were the 






Figure 8: Using XSEDE allocations on Comet, virus-laden 
particles were illustrated near shelves in a supermarket at 
10 seconds after release, 100 seconds, 200 seconds and five 
minutes. While the amount of airborne particles decreases 
over time, surface-attached particles increase. Dark blue 
indicates particles suspended in air, orange shows particles 
stuck on the ceiling, light blue represents particles attached 
to shelves and yellow shows particles on the floor. Credit: 
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of Environmental Engineering study24. The research revealed that the attachment of virus-laden 
particles on the shelves, floor, and ceiling of the supermarket reduces the maximum concentration of 
suspended particles in the air by as much as 50% (see Figure 8). 
"We used allocations from the National Science Foundation's Extreme Science and Engineering 
Discovery Environment for these Comet simulations that helped us investigate the transport of virus-
laden particles in an archetypical supermarket 40 meters long by 30 meters wide by 4.5 meters (ceiling 
height)," explained Boufadel. "We considered three efficiency situations of attachment on surfaces: zero 
percent, 25% and 100% attachment. For example, the 25% attachment efficiency means that out of 100 
particles that touch the surface, only 25% attached to a surface—thus zero percent means no 
attachment." 
Why It's Important 
According to the study, the attachment of airborne, virus-laden particles on surfaces at both 25% and 
100% have the same efficiency. These particles are as small as dust and don't fall onto a surface within 
a short time of emission, but they significantly accumulate on surfaces after five minutes or more. 
Boufadel suggested that one-way lanes in stores might be a step in the right direction, but he also said 
display shelves in aisles also help break the flight of virus particles. 
How XSEDE Helped 
"In this particular project, we used XSEDE as a tool to solve a simple problem (transport of particles) in 
a domain with a complicated geometry," said Boufadel. "The goal was a quantification, and the superior 
ability of XSEDE allowed us to have a high confidence in the results." 
In future applications, such as examining the micron-scale (e.g., a human hair is less than 100 microns, 
or less than one millimeter, thick) interaction of particles with surfaces, Boufadel and his team, which 
includes faculty from Johns Hopkins University, the University of Cincinnati, and the University of 
Pittsburgh, plan to provide even more precision with their simulations. 
"XSEDE has opened a new universe for us," he said. 
This study was funded by the National Science Foundation Rapid Response Research grant program 
(CBET 2028271). Computations on Comet were funded by XSEDE (TG-BCS190002). 
 XSEDE Adds New HPC Badges 
What are badges? Badges are a variation on the digital micro-
certification credentialing system. Micro-certification is now a 
common way of quickly demonstrating one's competency in a 
particular area. Badges provide a way of incentivizing training 
events and online courses by adding a ‘gamification' 
component to post-event assessments. Thousands of lessons 
and full-blown courses have been created which are 
accompanied by a badge or micro-certification. 
Since 201625, badges have been offered in several areas 
considered to be fundamentally important to high-
performance computing (HPC) and data science. Still, many in 
the XSEDE community are unaware of their availability. With 
the addition of several new badges, we now offer an even 
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XSEDE Badges are issued from the XSEDE HPC-Training Portal which uses the Moodle learning 
management system to deliver the badges and accompanying lesson content. In the past few months we 
have added six new badges to our existing set of nine, including a Python for Data Science Beginner and 
Intermediate Badge, an OpenMP Intermediate Badge, an MPI Intermediate Badge, a Lustre I/O Badge, 
and a Matlab for HPC Badge, and an Introduction to Performance Tools Badge. The XSEDE HPC Training 
Portal also offers self-paced tutorials accompanying several of the badges, including Matlab for XSEDE 
Systems, Introduction to Performance Tools, and The Lustre File System. 
Each badge focuses on a single competency or a small subset of competencies which are highly valued 
within the HPC community based on user feedback. Three types of badges may be offered for a 
particular competency—beginner, intermediate, and advanced. The beginner-level badge assessment 
typically consists of a set of questions in a conventional quiz format requiring a score of 80% or higher. 
The intermediate- and advanced-level badges require demonstration of practical understanding by 
assessing performance on solving real-world problems and are assessed using a detailed rubric. 
The XSEDE HPC Training Moodle uses the Mozilla Open Badges specification. Moodle is now connected 
to the Badgr backpack, an online service which provides an external backpack where badge earners can 
upload their Moodle badges to display with badges they have earned from other sites. Badge earners 
can also download badges from Badgr to display on their Moodle profile. Badgr is connected to other 
badge-issuing sites, not just Moodle. Badgr is gaining in popularity and is now built into Microsoft 
Teams. 
The HPC Training Portal can be accessed at: https://www.hpc-training.org/xsede/moodle/ 
You can login using Single-Sign-On with your XSEDE User Portal (XUP) account, or you can create an 
account if you do not have an XUP account. 
XSEDE now offers 15 different badges. Below is a list of badges which are currently available: 
• OpenACC Beginner Badge 
• OpenACC Intermediate Badge 
• OpenACC Advanced Badge 
• Data Visualization Beginner Badge 
• Data Visualization Intermediate Badge 
• Big Data Beginner Badge 
• Big Data Intermediate Badge 
• OpenMP Beginner Badge 
• OpenMP Intermediate Badge 
• MPI—Beginner Badge 
• MPI—Intermediated Badge 
• Python for Data Science Beginner Badge 
• Python for Data Science Intermediate Badge 
• Matlab for HPC Badge 
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3. Discussion of Strategic Goals and Key Performance Indicators 
The strategic goals of XSEDE (§1.1) cover a considerable scope. Additionally, the specific activities 
within XSEDE’s scope are often very detailed; therefore, to ensure that this significant and detailed 
scope will ultimately deliver and realize the project’s mission and vision, the three strategic goals are 
decomposed into components or sub-goals to be considered individually.  
In determining the best measures of progress toward each of the sub-goals, KPIs that correlate to 
impact on the scientific community are used. These often pair measurements of outcome with an 
assessment of quality or impact to provide both a sense of scope and significance of the supporting 
activities. 
 Deepen and Extend Use 
XSEDE will 1) deepen the use—make more effective use—of the advanced digital services ecosystem by 
existing scholars, researchers, and engineers and 2) extend the use to new communities. XSEDE will 3) 
contribute to preparation—workforce development—of scholars, researchers, and engineers in the use 
of advanced digital technologies via training, education, and outreach; and XSEDE will 4) raise the 
general awareness of the value of advanced digital research services.  
3.1.1. Deepening Use to Existing Communities 
XSEDE engages in a range of activities that serve to deepen use including identifying new technologies 
and new service providers, evolving the e-infrastructure, and enhancing the research prowess of 
current and future researchers. However, the ongoing use of resources and services available via XSEDE 
is the key indicator of this deepening use. As a result, the project has chosen three KPIs (Table 3-1) that 
together measure the ongoing engagement with the community with an emphasis on exposing the 
diversity of those consuming these services: 1) number of sustained users of XSEDE resources and 
services via the portal, 2) number of sustained underrepresented individuals using XSEDE resources 
and services via the portal, and 3) percentage of sustained allocation users from non-traditional 
disciplines of XSEDE resources and services.  
Table 3-1: KPIs for the sub-goal of deepen use (existing communities). 





services via the 
portal1 
RY6 4,500/ qtr 5,148     
CEE (§4) 
RY5 4,500/ qtr 4,644 4,489 4,494 5,280 7,014 
RY4 3,500/ qtr 4,137 4,728 4,070 4,615 6,578 
RY3 3,500/ qtr 4,196 4,089 3,099 4,864 6,851 
RY2 3,000/ qtr 3,962 3,754 2,488 3,020 4,527 





RY6 1,000/yr 1,009     CEE (§4) 
RY5 1,750/ yr 831 805 763 1,013 1,266 
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services via the 
portal1 
RY4 1,750/ yr 625 809 564 705 1,014 
RY3 1,500/ yr 529 509 343 636 1,818 
RY2 1,500/ yr 490 408 296 402 1,053
1 
















RY5 33%/yr 23.2 23.8 24.9 26.0 33.3 
RY4 22%/yr 21.1 22.7 23.0 23.5 30.4 
RY3 20%/qtr 22.1 20.7 25.8 22.7 22.8 
RY2 * 21.5 20.4 21.1 21.0 21.0 
RY1 * * 18.2 19.9 18.6 18.9 
1 The totals of these KPIs do not equal the sum of the data from each reporting period because one person could be counted as 
a sustained user/individual in more than one reporting period if they continue to log in for multiple reporting periods; 
however, they will only be counted once in the total. 
The KPI “Number of sustained users of XSEDE resources and services via the portal” exceeded the 
target, and the KPI “Number of sustained underrepresented individuals using XSEDE resources and 
services via the portal” met the target for this entire year. The spike in these numbers is likely due to 
efforts made during the COVID-19 pandemic to engage and re-engage existing underrepresented users. 
Prior to COVID-19, some of this effort would have been targeted at recruiting new users through 
campus visits and conferences, but COVID-19 made most of those efforts impossible which allowed for 
that effort to be redirected to the existing user base. Additionally, usage for these users is at the same or 
increasing level, indicating that not only are they continuing to use XSEDE resources, but their usage 
requirements are at a sustained or increasing level. The team will continue to monitor these numbers 
and determine whether the annual target for PY6 should be increased after RP2. 
The KPI “Percentage of sustained allocation users from non-traditional disciplines of XSEDE resources 
and services” has an annual target. The result for this reporting period is in line with previous ones and 
suggests the annual target should be met if this trend continues. 
3.1.2. Extending Use to New Communities 
New communities are defined as fields of science, industry, and underrepresented communities that 
represent less than one percent of XSEDE Resource Allocation Committee (XRAC) allocations. The Novel 
& Innovative Projects (NIP) team and the Broadening Participation team both work to bring advanced 
digital services to new communities. XSEDE measures both the number of new users and the number of 
new users on research projects from underrepresented communities and non-traditional disciplines of 
XSEDE resources and services as the indicators of progress (Table 3-2) 
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Table 3-2: KPIs for the sub-goal of extend use (new communities). 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Number of new 
users of XSEDE 
resources and 
services via the 
portal 
 
RY6 2,500/qtr 1,603     CEE (§4) 
RY5 2,500/qtr 2,157 2,612 1,972 2,211 9,050 
RY4 3,000/qtr 2,415 3,209 2,365 3,089 11,078 
RY3 3,000/qtr 1,905 2,763 2,5271 2,757 9,952 
RY2 2,000/qtr 2,305 2,813 2,346 2,917 10,381 
RY1 >1,000/qtr * 1,973 1,849 2,359 6,181 




and services via the 
portal 
RY6 200/qtr 181     CEE (§4) 
RY5 250/qtr 301 159 188 219 998 
RY4 175/qtr 380 332 214 400 1,326 
RY3 200/qtr 134 155 129 238 656 
RY2 150/qtr 251 175 222 234 882 
RY1 100/qtr * 150 135 240 525 




disciplines of XSEDE 
resources and 
services 
RY6 35%/yr 30.9     ECSS (§5) 
 
RY5 35%/yr 30.1 35.0 39.7 35.4 40.0 
RY4 35%/yr 26.4 37.1 33.4 38.4 34.8 
RY3 30%/yr 33.1 26.0 38.7 32.5 32.8 
RY2 * 24.8 26.0 26.6 33.9 27.8 
RY1 * * 21.8 24.9 31.0 25.7 
The target for “Number of new users of XSEDE resources and services via the portal” and the target for 
“Number of new underrepresented individuals using XSEDE resources and services via the portal” were 
not met. The low number of new users and new users from underrepresented groups is consistent with 
the lack of in-person recruitment opportunities during the current COVID-19 pandemic. The most 
effective recruitment of new users, underrepresented or not, is through in-person interaction during 
campus visits, with Campus Champions, and at conferences.  
The KPI “Percentage of new allocation users from non-traditional disciplines of XSEDE resources and 
services” has an annual target. The result for this reporting period is in line with RP1 of RY5. ECSS will 
keep monitoring the influx of new non-traditional allocations to see if additional actions may be 
required to stay on track to meet the annual target.  
3.1.3. Prepare the Current and Next Generation 
Part of XSEDE’s mission is to provide a broad community of existing and future researchers with access 
and training to use advanced digital services via the sub-goal of preparing the current and next 
generation of computationally-savvy researchers. While many activities support this sub-goal, such as 
the various Champion (§4.6), Student Engagement (§4.4), and Education (§4.2) programs, the training 
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offered through Community Engagement & Enrichment (CEE) impacts the most people directly. 
Therefore, the key indicator (Table 3-3) of performance toward this goal, which is reflective of industry 
standards, is the number of participant hours of live training delivered by XSEDE.  
Table 3-3: KPI for the sub-goal of preparing the current and next generation. 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Number of 
participant 




RY6 45,000 hrs/yr 16,315     
CEE (§4) 
RY5 40,000 hrs/yr 19,751 16,111 5,689 15,515 57,066 
RY4 40,000 hrs/yr 15,461 16,135 6,380 12,667 50,643 
RY3 40,000 hrs/yr 14,140 8,274 7,259 12,352 42,025 
RY2 NA 12,787 8,876 6,004 14,753 42,421 
RY1 NA 5,994 3,770 5,180 9,199 24,143 
1This was a new KPI in RY3. Data provided for RY1 and RY2 was reported retroactively.  
The number of participant hours of live training delivered this reporting period is lower than this time 
last year. However, this number is higher than every prior RP1 except the same time last year (RY5), 
which was due to increased webinar training during the first full quarter of COVID-19 quarantine. 
Additionally, based on prior years, this value is sufficiently high to meet the annual target.  
3.1.4. Raising Awareness 
While many activities led by teams throughout the XSEDE organization, such as Workforce 
Development (§4.2), User Engagement (§4.3), Broadening Participation (§4.4), and Campus 
Engagement (§4.6) contribute to the ability to raise the general awareness of the value of advanced 
digital research services, the project has chosen to focus on measures in two areas (Table 3-4): user 
input and social media. Desirable trends in these key outcomes can be correlated to success for this 
sub-goal.  
Table 3-4: KPIs for the sub-goal of raise awareness of the value of advanced digital research. 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Grand (aggregate) 
mean rating of 







RY6 3.7 of 5/yr 3.6     PgO (§9) 
RY5 3.7 of 5/ yr 3.8 - - - 3.8 
RY4 3.7 of 5/ yr 3.8 - - - 3.8 
RY3 3.5 of 5/ yr 3.7 - - - 3.7 
RY2 * 3.6 - - - 3.6 
RY1 * * - - - NA 
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KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Number of social 
media impressions 
over time1 
RY6 424,000/yr 91,770     
PgO (§9) 
RY5 430,000/yr 86,046 101,394 106,263 109,800 403,503 
RY4 426,198/yr 87,482 75,164 84,185 110,904 357,735  
RY3 359,714/yr 112,806 63,269 93,803 85,287 355,165  
RY2 NA 69,607 55,506 59,490 128,180 312,783  
RY1 NA * 52,200 128,675 88,332 269,207 
- Data reported annually 
1 This was the new KPI in RY3. Data provided for RY1 and RY2 was reported retroactively. Beginning in RY5, this KPI is 
calculated as the number of social media impressions with the annual target calculated based on a 20% increase over the 
previous year.  
“Grand (aggregate) mean of XSEDE User Survey awareness items regarding XSEDE resources and 
services” fell just short of the annual target this year. The Evaluation team attributes this dip to COVID-
19-related reduced or eliminated onboarding activities for students and new faculty on campuses and 
cancelled or refactored (i.e., changed to remote) conferences and events such as International HPC 
Summer School, Computing for Social Change, Supporting Pacific Indigenous Computing Excellence 
(SPICE), PEARC, SC, etc. Even where remote activities were available, such are far less effective at 
raising awareness than in-person events. External Relations continues to promote XSEDE resources and 
services in monthly newsletters, on social media, and through the XSEDE website, but until there is a 
return to in-person events and conferences, it is unlikely that there will be noticeable improvement in 
this rating. With SC21 currently planned to be held in-person, there is a possibility for increasing user 
awareness at events held there and other in-person events in 2022.  
Social media impressions for this reporting period are slightly off pace to hit the annual target but still 
higher than the same period in the last two years. If this trend continues in the next reporting period, 
the team will meet to discuss possible impacts and possible adjustments that can be made to attain the 
annual target. 
  Advance the Ecosystem 
Exploiting its internal efforts and drawing on those of others, XSEDE will advance the broader 
ecosystem of advanced digital services by 1) creating an open and evolving e-infrastructure, and by 2) 
enhancing the array of technical expertise and support services offered. 
3.2.1. Create an Open and Evolving e-Infrastructure 
There are a variety of factors that affect the evolution of the e-infrastructure. These range from external 
factors, such as the number of XSEDE Federation members and the variety of services they provide, to 
internal factors, like Operations (§7) of critical infrastructure and services and the evaluation and 
integration of new capabilities. While XSEDE actively seeks new Federation members and Service 
Providers, as well as partnerships with national and international cyberinfrastructure projects, the 
group views their role as connectors of these elements to have the most impact. Thus, XSEDE focuses on 
the number of new capabilities in production as an indicator of performance with respect to this sub-
goal (Table 3-5).  
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Table 3-5: KPI for the sub-goal of create an open and evolving e-infrastructure. 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Total number of 
capabilities in 
production1 
RY6 123 by end of RY6 121     
XCI (§6) 
RY5 110 by end of RY5 102 104 109 118 118 
RY4 100 by end of RY4 88 88 91 102 102 
RY3 81 by end of RY3 76 85 87 87 87 
RY2 NA 72 74 74 75 75 
RY1 NA * 63 63 69 69 
1 This was a new KPI in RY3. Data provided for RY1 and RY2 was reported retroactively. 
This KPI target is being met and on schedule to meet the project total of 123. 
3.2.2. Enhance the Array of Technical Expertise and Support Services 
To enhance the technical expertise of XSEDE’s staff to offer an evolving set of support services, the 
project will continue many activities including workshops, symposia, and training events hosted by 
Extended Collaborative Support Services (ECSS) and Service Providers (§5.6). The KPI for this is 
feedback provided from the XSEDE user-base through the annual user survey (Table 3-6). 
Table 3-6: KPI for the sub-goal of enhance the array of technical expertise and support services. 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Grand 
(aggregate) 









RY6 3.8 of 5/yr 4.4     PgO (§9) 
RY5 3.5 of 5/ yr 4.4 - - - 4.4 
RY4 3.5 of 5/ yr 3.9 - - - 3.9 
RY3 3.5 of 5/ yr 3.6 - - - 3.6 
RY2 NA 3.4 - - - 3.4 
RY1 * * * * * * 
- Data reported annually.  
1 This is a new KPI in RY3. Data provided for RY2 was reported retroactively. 
XSEDE users again rated their satisfaction with XSEDE technical support services very high, and this 
KPI surpassed the target. 
 Sustain the Ecosystem 
XSEDE will sustain the advanced digital services ecosystem by 1) ensuring and maintaining a reliable, 
efficient, and secure infrastructure, and 2) providing excellent user support services. Furthermore, XSEDE 
will operate an 3) effective, 4) productive, and 5) innovative virtual organization. 
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3.3.1. Provide Reliable, Efficient, and Secure Infrastructure 
Many activities support the provisioning and support of reliable, efficient and secure infrastructure—
such as User Interfaces & Online Information (§4.5), Security (§7.2), Data Transfer Services (§7.3), 
Systems Operations and Support (§7.5), support for Allocations (§8.2), and Allocations, Accounting & 
Account Management (§8.3)—but perhaps the truest measure of an infrastructure’s reliability is its 
robustness as reflected by sustained availability. Thus, the KPI for this sub-goal is the mean composite 
availability of core services, shown as a percentage (Table 3-7), measured as a geometric mean. This is a 
composite measure of the availability of critical enterprise services and the XRAS allocations request 
management service. 
Table 3-7: KPI for the sub-goal of provide reliable, efficient, and secure infrastructure. 






RY6 99.9%/qtr 99.9     Ops (§7) 
RY5 99.9%/qtr 99.9 99.9 99.9 99.9 99.9 
RY4 99.9%/qtr 99.9 99.9 99.9 99.9 99.9 
RY3 99.9%/qtr 99.9 99.9 99.9 99.9 99.9 
RY2 99.9%/qtr 99.8 99.9 99.9 99.9 99.9 
RY1 99.0%/qtr * 99.9 99.9 99.9 99.9 
“Mean composite availability of core services” continues to remain high, once again achieving the target 
this reporting period.  
3.3.2. Provide Excellent User Support 
Although nearly every group in the organization has some support function, XSEDE has chosen to focus 
on metrics with respect to two primary support interfaces to the community: the XSEDE Operations 
Center (XOC) and the Resource Allocation Services (RAS) team. The XOC is the frontline centralized 
support group that either resolves or escalates tickets to the appropriate resolution center depending 
on the request. RAS is responsible for the allocations process and the allocation request system. These 
two support interfaces are the focus for gauging the progress towards achieving the sub-goal of 
providing excellent user support, specifically: 1) the mean time to resolution on support tickets that are 
resolved by the XOC or routed to, and resolved by, other XSEDE areas, 2) the aggregate mean rating of 
user satisfaction with allocations process and support services measured via a quarterly survey of users 
who have interacted with the allocations request system and the allocations process more generally, 
and 3) the percentage of research requests successful (not rejected) determined following the quarterly 
allocations session (Table 3-8). 
Table 3-8: KPIs for the sub-goal of provide excellent user support. 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Mean time to ticket 
resolution (hours) 
 
RY6 <16  hrs/qtr 14.6     
Ops (§7)  
 
RY5 < 16 hrs/qtr 15.3 23.2 18.8 12.2 17.4 
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KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
RY4 < 16 hrs/qtr 14.0 14.6 21.0 14.3 16.0 
RY3 < 16 hrs/qtr 12.3 18.5 23.2 17.5 17.9 
RY2 < 24 hrs/qtr 26.0 20.1 22.8 15.0 21.0 
RY1 < 24 hrs/qtr * 24.0 28.2 23.1 25.1 




services1 (1-5 Likert 
scale) 
RY6 4 of 5/yr 4.1     RAS (§8) 
RY5 4 of 5/yr 4.4 4.3 4.3 4.3 4.3 
RY4 4 of 5/yr 4.2 4.3 4.4 4.2 4.3 
RY3 4 of 5/yr 4.1 4.2 4.1 4.4 4.2 
RY2 4 of 5/yr 4.1 4.0 4.1 3.9 4.0 





RY6 85.0%/qtr 85.4     RAS (§8) 
RY5 85.0%/qtr 80.0 84.0 84.0 91.0 84.8 
RY4 85.0%/qtr 81.0 80.0 78.0 87.0 82.0 
RY3 85.0%/qtr 65.0 70.0 72.0 75.0 70.5 
RY2 85.0%/qtr 70.0 69.0 72.0 68.0 69.8 
RY1 85.0%/qtr * 76.0 75.0 74.0 75.0 
1 KPI name updated in RY4. 
Help ticket service time was excellent again this reporting period, with a mean time more than an hour 
under the target of 16 hours.  
The satisfaction rating for the allocations process and support services dipped to 4.1 this RP, possibly 
affected by fewer responses to the survey for the recent reporting period (69 responses). The process 
for distributing and reminding users of the survey will be reviewed for the coming quarter. At the June 
XRAC meeting, 164 of 192 requests received some award leading to meeting the target of an 85% 
success rate. 
3.3.3. Effective and Productive Virtual Organization 
During the first five years of XSEDE, in conjunction with developing a methodology for driving and 
assessing performance excellence, XSEDE adopted the Baldrige Criteria26 and has assessed and applied 
criteria from all seven criteria by that methodology. These include annual reviews of the vision, 
mission, strategic goals, project-wide processes and standards (KPIs); user and staff surveys (§4.3, 
§9.5); stakeholder communications (§9.2); advisory boards (§9.1); community engagement (§4); 
 
26 https://www.nist.gov/baldrige/  
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workforce development (§4.2); and the analysis of organizational data that leads to organizational 
learning, strategic improvement, and innovation. With this foundation, it is now appropriate to look to 
the XSEDE users to give an indication of the project’s effectiveness by rating the importance of the 
resources and services provided by XSEDE (Table 3-9).  
Table 3-9: KPIs for the sub-goal of operate an effective and productive virtual organization. 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Mean rating of 
importance of 
XSEDE resources 
and services to 
researcher 
productivity  
RY6 4.4 of 5/yr 4.2     PgO (§9) 
RY5 4.4 of 5/yr 4.2 - - - 4.2 
RY4 4.4 of 5/yr 4.2 - - - 4.2 
RY3 4.2 of 5/yr 4.4 - - - 4.4 
RY2 NA 4.42 - - - 4.4 
RY1 NA 4.32 - - - 4.3 
Percentage of users 




resources in the 
creation of their 
work product1 
RY6 80%/yr 88     PgO (§9) 
RY5 80%/yr 83 - - - 83 
RY4 80%/yr 79 - - - 79 
RY3 79%/yr 79 - - - 79 
RY2 * * * * * * 
RY1 * * * * * * 
1 New KPI added in RY3 RP2. 
2 These historical numbers are based on other survey data that was vaguely related to this KPI. We created a new survey item 
in RY3 to address it directly. 
- Data reported annually.  
While “Mean rating of importance of XSEDE resources and services to researcher productivity” was 
slightly under the target this year, this rating is still very high and indicates that users are finding 
XSEDE resources and services important to their productivity. The Evaluation team believes users 
continue to rate this slightly lower than the target because of oversubscription of XSEDE-allocated 
resources and the age of the project. As any project reaches its capacity or end of its life cycle, users 
look to incorporate newer, less-utilized resources into their workflows as a way of mitigating the risks 
of relying too heavily on oversubscribed or retiring resources, thus reducing the importance of any 
single resource. The project is working to improve on this metric, but this is working against the 
Evaluation team’s expectation that this trend will continue. 
The target for “Percentage of users who indicate the use of XSEDE-managed and/or XSEDE-associated 
resources in the creation of their work product” was surpassed this year. In the 2021 User Survey, 
“Training resources and/or educational materials” was added as a new option, and 189 users indicated 
that they created such products that benefited from the use of XSEDE resources and services. The 
Evaluation team believes the addition of this type of product resulted in the overall increase to this KPI. 
The team plans to adjust the target for this KPI next year for the final deployment of the XSEDE User 
Survey, which will be reported in the XSEDE Final Report. 
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3.3.4. Innovative Virtual Organization 
Measuring innovation for an organization like XSEDE (or for organizations in general) is difficult and 
represents an area of open research. After much thought and discussion both internally and with 
external stakeholders and advisors, XSEDE has identified two indicators that correlate to innovation 
within the project: 1) percentage of Project Improvement Fund proposals resulting in innovations in 
the XSEDE organization and 2) mean rating of innovation within the organization by XSEDE staff (Table 
3-10). The first indicator is a measurement of XSEDE’s ability to fund smaller innovative improvements 
within the project; the second measures how staff rate the level of innovation within the project. These 
KPIs will continue to be the subject of an open conversation within the organization and with 
stakeholders and advisors as XSEDE assesses these measurements and how to best quantify innovation.  
Table 3-10: KPIs for the sub-goal of operate an innovative virtual organization. 






innovations in the 
XSEDE organization 
 
RY6 70%/yr -     PgO (§9) 
RY5 70%/yr - - - 66.7 66.7 
RY4 70%/yr - - - 66.7 66.7 
RY3 60%/yr - - - 71.4 71.4 
RY2 * * * * * * 
RY1 * * * * * * 
Mean rating of 
innovation within 
the organization by 




RY6 4 of 5/yr -     PgO (§9) 
RY5 4 of 5/yr - 4.2 - - 4.2 
RY4 4 of 5/yr - 4.0 - - 4.0 
RY3 3.5 of 5/yr - 4.0 - - 4.0 
RY2 * * * * * * 
RY1 * * * * * * 
- Data reported annually.  
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4. Community Engagement & Enrichment (WBS 2.1) 
Community Engagement & Enrichment (CEE) sits at the front lines of XSEDE and is tasked with 
balancing support for a large and diverse portfolio of existing users and the broader population of 
potential users and future leaders in cyberinfrastructure. While maintaining high quality support for 
existing users engaged in science at all levels, CEE is concerned with training and educating future 
generations and trying to creatively address what has been widely accepted as a leaky pipeline of 
potential users, leaders, practitioners, and researchers. 
At the core of Community Engagement & Enrichment (CEE) is the researcher, broadly defined to 
include anyone who uses or may potentially use the array of resources and services offered by XSEDE. 
The CEE team is dedicated to actively engaging a broad and diverse cross-section of the open science 
community, bringing together those interested in using, integrating with, enabling, and enhancing the 
national cyberinfrastructure. Vital to the CEE mission is the persistent relationship with existing and 
future users, including allocated users, training participants, XSEDE collaborators, and campus 
personnel. CEE will unify public offerings to provide a more consistent, clear, and concise message 
about XSEDE resources and services, and bring together those aspects of XSEDE that have as their 
mission teaching, informing, and engaging those interested in advanced cyberinfrastructure.  
The five components of CEE are Workforce Development (§4.2), which includes Training, Education 
and Student Preparation, User Engagement (§4.3), Broadening Participation (§4.4), User Interfaces & 
Online Information (§4.5), and Campus Engagement (§4.6). These five teams ensure routine collection 
and reporting of XSEDE’s actions to address user requirements. They provide a consistent suite of web-
based information and documentation and engage with a broad range of campus personnel to ensure 
that XSEDE’s resources and services complement those offered by campuses. Additionally, CEE teams 
expand workforce development efforts to enable many more researchers, faculty, staff, and students to 
make effective use of local, regional, and national advanced digital resources. CEE expands efforts to 
broaden the diversity of the community utilizing advanced digital resources.  
The success of the CEE team depends on effective collaboration across all L2 areas of the project. 
Specifically, User Engagement works closely with RAS and ECSS to establish a dialogue with XSEDE’s 
User Community in order to better understand their needs and desires. Workforce Development and 
Broadening Participation partner with ECSS to develop impactful training and education opportunities 
for the community, especially underrepresented students, researchers, and faculty. The User Interfaces 
& Online Information team relies heavily on all areas of the project to ensure that the website remains 
accurate and informative. The Campus Engagement team likewise depends on all parts of the project to 
facilitate the effective participation of a diverse national community of campuses in the application of 
advanced digital resources and services to accelerate discovery, enhance education, and foster scholarly 
achievement. 
CEE is focused on personal interactions, ensuring that existing users, potential users, and the general 
public have sufficient access to materials and have a positive and effective experience with XSEDE 
public offerings and frontline user support. As such, the CEE Key Performance Indicators are designed 
to broadly assess this performance. CEE focuses on metrics that quantify how many users in aggregate 
are benefiting from XSEDE resources and services. Additionally, CEE focuses on how well the user base 
is sustained over time and how well training offerings evolve with changing user community needs. 
Key Performance Indicators for CEE are listed in the table below. Additional information about these 
KPIs can be found on the XSEDE KPIs & Metrics wiki page.  
For other metrics with respect to this WBS, see Appendix §12.2.2.1.  
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Table 4-1: KPIs for Community Engagement & Enrichment. 























RY5 2,000/ qtr 2,277   2,043 1,944  2,509  5,761 




1,613  1,666  1,145  2,104  2,323 
RY2 950/qtr 1,722 1,478 1,170 1,522 1,802 





















RY5 650/qtr 741  632  616  792  1,970 
RY4 500/qtr 674  7941   492 753  2,072  
RY3 625/qtr 449 438 307 436 1,630 
RY2 475/qtr 488 399 347 423 1,104 
RY1 50 / qtr * 34  33 19 28 
Grand 
(aggregate) 


















RY5 4.4 of 5 /qtr 4.6   4.5 4.4  4.6  4.5 
RY4 4.4 of 5 /qtr 4.5  4.3  4.3  4.6  4.4 
RY3 4.4 of 5 /qtr 4.5   4.4 4.5   4.3 4.4 
RY2 4 of 5 /qtr 4.3 4.3 4.6 4.5 4.4 





RY6 345 344     Deepen/ 
Extend — 




RY5 340 327  332  333  337  337 
RY4 300 304  305  315  325  325 
RY3 250 259   266 277  284  284 
RY2 240 218 238 239 246  246 
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Area Metric Report Year Target RP1 RP2 RP3 RP4 Total 
Sub-goal 
Supported 





within 30 days 























































1 This number was previously mis-reported due to a transcription error. 
The number of students and students from underrepresented groups benefiting from XSEDE resources 
and services exceeded the quarterly target and both are greater than any previous value for RP1, which 
is a direct reflection of the persistent work being done to engage existing student communities by 
pivoting to online engagement after the onset of the COVID-19 pandemic.  
The Grand (aggregate) mean rating of Post Training Event Survey items related to training impact for 
attendees registered through the portal continues to exceed the target metric set at 4.4 out of 5.  
The number of institutions with a Campus Champion this reporting period is one under the annual 
target of 345. It is anticipated this goal will be achieved by the end of the year, likely by the end of the 
next reporting period. Given the lack of in-person recruiting opportunities, it is challenging to predict 
how many more institutions would consider joining the Campus Champions program in the final year of 
the project. The elected Campus Champion leadership team, with support from XSEDE Campus 
Engagement staff, are developing sustainability plans for the Campus Champions community.  
The target percentage of user requirements addressed within 30 days was met at 100%; however, the 
number of responses and tracked activities is low this reporting period. The User Engagement team is 
discussing adding or editing outreach email messaging to encourage increased response. 
CEE Highlights 
CEE continues to lead the XSEDE Terminology Task Force, which recently launched a terminology page 
that includes a searchable table with a living list of terms deemed inappropriate for use across the 
XSEDE organization. For each term, it is described why it may be offensive, source materials in support 
are cited, the terms are categorized by type of bias, and replacement suggestions are provided. It is 
important to understand why certain terms can be offensive in order to effectively find and replace 
offensive terms and clarify those that were used appropriately. Some terms should never be used, while 
others can be appropriate in the right context; in these cases, it helps to use precise language. Members 
of the Terminology Task Force facilitated a highly interactive and successful PEARC21 Birds of a 
Feather session with lightning talks from Internet2, XSEDE Service Providers Forum, Trusted 
Cyberinfrastructure (CI), and Association for Computing Machinery (ACM) Words Matters. 
This reporting period, XSEDE sponsored a virtual Supporting Pacific Indigenous Computing Excellence 
(SPICE) Summer Immersive Experience in collaboration with Chaminade University of Honolulu. The 
month-long data science program trained 22 students, a majority of whom were Native Hawaiians. 
SPICE applied the Advanced Computing for Social Change (ACSC) peer mentor model to provide 
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program participants with additional support. The collaboration with Chaminade University of 
Honolulu has supported recruitment of Native Hawaiian students and non-STEM majors for ACSC, 
Computing4Change, and research experiences for undergraduates (REU) sites hosted by XSEDE 
partners. Program alumni are matriculating in graduate programs and disseminating XSEDE-sponsored 
research at professional conferences. One participant, Regina-Mae Dominguez graduated with a 
Bachelor of Science in Mathematics and Computer Science from the University of Guam in Spring 2021 
and is starting a Master of Science in Data Science at the University of Washington in the Fall 2021. She 
presented a poster at PEARC21entitled “Storytelling with Data: COVID-19’s Impact on the Island of 
Guam.” 
Following the same theme as the student programs, Broadening Participation and the XSEDE Education 
program co-facilitated the June Advanced Computing for Social Change (ACSC) Workshop. Criteria for 
acceptance included the potential to incorporate the ACSC Modules-in-a-Box into courses in the 
upcoming academic year. Modules-in-a-Box provide a framework for incorporating data ethics and data 
analytics into curriculum. Three completed modules were presented and available for use by faculty in 
their classes.  
• Module 1: Data Ethics, Artificial Intelligence (AI) Blind Spots, and Data Preparation using 
maternal and infant mortality and morbidity problems and datasets 
• Module 2: Data Ethics, Privacy, Modeling/Analysis using immigration problems and datasets 
• Module 3: Data Ethics and Scientific Visualization using COVID-19 and health disparities 
problems and datasets 
While Champions could not gather in person again this year at PEARC21, that did not stop the 
community from coming together and sharing their accomplishments and challenges through 
workshops, papers, BoFs, posters, and panels. Over 200 Champions benefited from the NSF XSEDE 
support for registration and many of them contributed content to the conference. The Leadership team 
conducted a half-day workshop “What Does it Mean to be a Campus Champion?” that included a session 
on XSEDE allocations by Ken Hackworth, a tour of every tool you may want to know about by Douglas 
Jennewein, and “A Day in the Life of a Champion” panel moderated by Torey Battelle (Colorado School 
of Mines), with panelists Kaylea Nelson (Yale University), Shawn Doughty (Tufts University), Kevin 
Brandt (South Dakota State University), and Sarvani Chadalapka (University of California, Merced). 
 CEE Director’s Office (WBS 2.1.1) 
The CEE Director’s Office has been established to provide the necessary oversight to ensure the greatest 
efficiency and effectiveness of the CEE area. This oversight includes providing direction to the L3 
management team, coordination of, and participation in, CEE planning activities and reports through 
the area’s Project Manager, and monitoring compliance with budgets, and retarget effort if necessary. 
The Director’s Office also attends and supports the preparation of project level reviews and activities. 
The CEE Director’s Office will continue to manage and set the direction for CEE activities and 
responsibilities. They will contribute to and attend bi-weekly Senior Management Team calls; 
contribute to the project level plan, schedule, and budget; contribute to XSEDE quarterly, annual, and 
other reports as required by the NSF; and attend XSEDE quarterly and annual meetings. Lastly, the 
Director’s Office will advise the XSEDE PI on many issues, especially those relevant to this WBS area. 
 Workforce Development (WBS 2.1.2) 
The Workforce Development mission is to provide a continuum of learning resources and services 
designed to address the needs and requirements of researchers, educators, developers, integrators, and 
students utilizing advanced digital resources. This includes providing professional development for 
XSEDE team members. 
Workforce Development fulfills its mission through an integrated suite of training, education, and 
student preparation activities to address formal and informal learning about advanced digital 
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resources. Workforce Development provides business and industry with access to XSEDE’s workforce 
development efforts including training services and student internships that have historically proven 
beneficial to industry. 
Workforce Development is comprised of three areas: Training, Education, and Student Preparation. The 
Training team develops and delivers training programs to enhance the skills of the national open 
science community and ensure productive use of XSEDE’s cyberinfrastructure. The Education team 
works closely with Training and Student Preparation to support faculty in all fields of study with their 
incorporation of advanced digital technology capabilities within the undergraduate and graduate 
curriculum. The Student Preparation program actively recruits students to use the aforementioned 
training and education offerings to enable the use of XSEDE resources by undergraduate and graduate 
students to motivate and prepare them to pursue advanced studies and careers to advance discovery 
and scholarly studies.  
The Education program held three workshop events during this reporting period. The June 
Computational Chemistry for Chemistry Educators workshop had 41 attendees and high attendee 
satisfaction. The Education program co-facilitated the June Advanced Computing for Social Change 
workshop with the Broadening Participation team (details provided in §4.4). Bob Panoff and Aaron 
Weeden hosted the Infusing Computational Thinking Across the Curriculum series. The two webinars 
were each three hours long and provided an overview of topics that were subsequently covered in 
more depth in the two workshops. The first workshop focused on Modeling with Spreadsheets and Web 
Resources, and the second workshop had a focus on Systems Modeling. There were a total of 38 
participants in the workshops, consisting of 16 faculty, 14 graduate students, two postdoctoral scholars, 
two university research staff, one center research staff, one center non-researcher staff, one 
undergraduate student, and one high school student. 
The summer cohort of XSEDE EMPOWER received fifty-one applications; twenty-seven undergraduate 
students from 23 institutions were accepted for summer participation in this program and began 
working on projects in a variety of areas of computational science research and systems support. 
Fourteen of the students are female and seven are underrepresented minorities. The Campus 
Champions community, External Relations team, and Broadening Participation team remained 
instrumental in recruiting well-qualified students and mentors to the program as well as assisting with 
the application review process. Four EMPOWER students presented talks about their projects at the 
PEARC21 Internship Spotlight event. One of them was Christiana Marchese from Pomona College who 
also presented a poster at PEARC21. 
The Training team continues to deliver synchronous training events with high user satisfaction. In the 
reporting period, this included:  
• May 2021: XSEDE High Performance Computing (HPC) Workshop 
• June 2021: HPC Workshop Series: Summer Boot Camp 
• Writing a Successful XSEDE Allocation Proposal (offered twice) 
• XSEDE New User Training (offered twice) 
• Terminology training for XSEDE Staff (offered twice) 
• Python Tools for Data Science 
Asynchronous training content management included: 
• May 2021: CVW topic Getting Started on Frontera - updated 
• May 2021: CVW topic Vectorization - updated 
• July 2021: CVW topic An Introduction to Python - updated 
Eleven new badges were awarded this reporting period and, in June, the roadmap on "How can I run my 
code on a parallel file system?" was published.  
Workforce Development staff PEARC21participation included: 
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• Workshop: Fourth Workshop on Strategies for Enhancing HPC Education and Training 
(SEHET21)—Sukhija, Lathrop, Mullen, Cahill, Mehringer, and Brunson 
• Birds of a Feather (BoF): Towards Inclusive Terminology in Advanced Research Computing—
Akli, Alameda, Cahill, Deems, Holly, Hutson, Lindsey, Mehringer, Nigra, Sanielevici, Panoff, 
Towns, and Whitten 
• Paper: Integrity Protection for Research Artifacts using Open Science Chain's Command Line 
Utility—Shantharam, Lin, Sakai, and Sivagnanam 
• Paper: Tools and Guidelines for Job Bundling on Modern Supercomputers—Liu, Eijkhout 
(presenting), and Cazes 
• Workshop: Advanced Features of MPI-3 and MPI-4—Eijkhout and Ruhela. 
For other metrics with respect to this WBS, see Appendix §12.2.2.1.1 
 User Engagement (WBS 2.1.3) 
The mission of the User Engagement (UE) team is to capture community needs, requirements, and 
recommendations for improvements to XSEDE’s resources and services, and to report to the national 
community how their feedback is being addressed. XSEDE places an emphasis on maintaining 
consistent user contact, traceability in tracking user issues, and closing the feedback loop.  
UE continues to connect with all active PIs quarterly to ensure their projects are progressing and any 
issues their teams may be encountering are identified and addressed. In the current reporting period, 
inquiries were sent to 973 unique PIs: 46 responses (4.7%) were received, 11 issues were identified, 
and all 11 (100%) of these issues were addressed within 30 days. The UE team is discussing adding 
content or editing its outreach messaging to encourage increased response. The goal is to completely 
address all issues within the reporting period, but UE relies on SPs and other areas within XSEDE to 
engage most issues. This KPI metric value for the current reporting period is consistent and has met the 
desired target for the reporting period. 
For other metrics with respect to this WBS, see Appendix §12.2.2.1.2.  
 Broadening Participation (WBS 2.1.4) 
Broadening Participation’s mission is to engage underrepresented minority researchers from domains 
that are not traditional users of HPC and from Minority Serving Institutions. This target audience ranges 
from potential users with no computational experience to computationally savvy researchers, 
educators, Champions, and administrators who will promote change at their institutions for increased 
use of advanced digital services for research and teaching.  
Broadening Participation will continue the most effective recruitment activities - conference exhibiting, 
campus visits, and regional workshops - while increasing national impact through new partnerships 
and the utilization of lower cost awareness strategies to continue the growth in new users from 
underrepresented communities. The Diversity Forum and the Minority Research Community listservs 
and community calls focus on user persistence in their use of XSEDE services and their deepening 
engagement through participation in committees such as the User Advisory Committee (UAC) and 
XSEDE Resource Allocations Committee (XRAC), and participation in Champions, Campus Bridging, and 
other programs. Persistent institutional engagement is enabled by curriculum reform and larger 
numbers of researchers adopting the use of advanced digital resources as a standard research method. 
CEE continues to lead the XSEDE Diversity, Equity, and Inclusion initiatives including management of 
the Code-of-Conduct and the Terminology Task Force. Training webinars were presented to XSEDE staff 
and a terminology page was launched that includes a searchable table with a living list of terms deemed 
inappropriate for use across the organization. For each term, it is described why it may be offensive, 
source materials in support are cited, the terms are categorized by type of bias, and replacement 
suggestions are provided. It is important to understand why certain terms can be offensive in order to 
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effectively find and replace offensive terms and clarify the context in which potentially offensive 
terminology can be used appropriately. Some terms should never be used, while others can be 
appropriate in the right context; in these cases, it helps to use precise language. Members of the 
Terminology Task Force facilitated a highly interactive and successful PEARC21 Birds of a Feather 
session with lightning talks from Internet2, XSEDE Service Providers Forum, Trusted 
Cyberinfrastructure (CI), and Association for Computing Machinery (ACM) Words Matters. 
Broadening Participation and the XSEDE Education program co-facilitated the June Advanced 
Computing for Social Change (ACSC) Workshop. Out of 33 applicants, 14 were accepted and 12 
attended. The criteria for acceptance included the potential to incorporate the ACSC Modules-in-a-Box 
into courses in the upcoming academic year. Modules-in-a-Box provide a framework for incorporating 
data ethics and data analytics into curriculum. Three completed modules were presented and available 
for use by faculty in their classes.  
• Module 1: Data Ethics, Artificial Intelligence (AI) Blind Spots, and Data Preparation using 
maternal and infant mortality and morbidity problems and datasets 
• Module 2: Data Ethics, Privacy, Modeling/Analysis using immigration problems and datasets 
• Module 3: Data Ethics and Scientific Visualization using COVID-19 and health disparities 
problems and datasets 
This reporting period, XSEDE sponsored a virtual Supporting Pacific Indigenous Computing Excellence 
(SPICE) Summer Immersive Experience in collaboration with Chaminade University of Honolulu. The 
month-long data science program trained 22 students, the majority of whom were Native Hawaiians. 
SPICE applied the Advanced Computing for Social Change (ACSC) peer mentor model to provide 
program participants with additional support. The collaboration with Chaminade University of 
Honolulu has supported recruitment of Native Hawaiian students and non-STEM majors for ACSC, 
Computing4Change, and research experiences for undergraduate sites hosted by XSEDE partners. 
Program alumni are matriculating in graduate programs and disseminating XSEDE-sponsored research 
at professional conferences. One participant, Regina-Mae Dominguez graduated with a Bachelor of 
Science in Mathematics and Computer Science from the University of Guam in Spring 2021 and is 
starting a Master of Science in Data Science at the University of Washington in the Fall 2021. She 
presented a poster at PEARC21entitled “Storytelling with Data: COVID-19’s Impact on the Island of 
Guam.” 
XSEDE Broadening Participation Program co-sponsored the HackHPC@PEARC21 with Google, Intel, 
Omnibond, Science Gateway Community Institute (SGCI), and TACC. HackHPC ran prior to the PEARC21 
conference and spanned 98 hours with 20 students participating who were supported by 15 mentors. 
XSEDE sponsored the PEARC registration for the mentors. Broadening Participation team member 
Je’aime Powell, participated as a panelist in two PEARC21 panel discussions focused on diversity and 
student participation in the HPC field. 
• PEARC21 Panel on Student Competitions 
• Diversity in the student pipeline and professional staff: challenges, success stories, and 
resources 
For other metrics with respect to this WBS, see Appendix §12.2.2.1.3.  
 User Interfaces & Online Information (WBS 2.1.5) 
User Interfaces & Online Information (UII) is committed to enabling the discovery, understanding, and 
effective utilization of XSEDE’s powerful capabilities and services. Through UII’s ongoing effort to 
improve and engage a variety of audiences via the XSEDE website and User Portal, UII has an immediate 
impact on a variety of stakeholders including the general public, potential and current users, educators, 
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service providers, campus affiliates, and funding agencies. These stakeholders will gain valuable 
information about XSEDE through an information-rich website, the XSEDE User Portal, and a uniform 
set of user documentation.  
The User Interfaces and Online Information team continued regular improvements and maintenance on 
the website and user portal. This includes regular user guide updates and user documentation 
improvements, including new user guides and documentation for new systems. Furthermore, the team 
published an updated HPC user guide template; this template included improvements to the header 
areas and directions. The team continued to improve the XSEDE User Portal account creation process 
by blocking accounts being created from temporary email domains. In collaboration with the security 
team, the UII team ensured that running active lists of domains can be easily maintained to reduce the 
creation of bogus accounts, thereby mitigating an issue that had become an administrative nuisance 
earlier in the year. Lastly, the team worked with the rest of CEE to publish an XSEDE terminology page 
with collaboration of the XSEDE terminology task force (§4.4). The team also continues to support 
changes and improvements to the COVID-19 Consortium pages and process. 
For other metrics with respect to this WBS, see Appendix §12.2.2.1.4.  
 Campus Engagement (WBS 2.1.6) 
The Campus Engagement program promotes and facilitates the effective participation of a diverse 
national community of campuses in the application of advanced digital resources and services to 
accelerate discovery, enhance education, and foster scholarly achievement. 
Campus Engagement, via the Campus Champions, works directly with institutions across the U.S. both 
to facilitate computing and data-intensive research and education, nationally and with collaborators 
worldwide, and to expand the scale, scope, ambition, and impact of these endeavors. This is done by 
increasing scalable, sustainable institutional uptake of advanced digital services from providers at all 
levels (workgroup, institutional, regional, national, and international), fostering a broader, deeper, 
more agile, more sustainable and more diverse nationwide cyberinfrastructure ecosystem across all 
levels, and cultivating inter-institutional interchange of resources, expertise, and support. Campus 
Engagement also aims to assist with the establishment and expansion of consortia (e.g., intra-state, 
regional, domain-specific) that collaborate to better serve the needs of their advanced computing 
stakeholders. 
Summer is a busy time for the Campus Engagement Program, with the Campus Champions Leadership 
Team election, the Virtual Residency Program workshop, and the anchor event for the research 
computing and data community, PEARC21.  
Campus Champion Leadership Team Election: Each year, the Campus Champions elect 3-4 of their 
fellow champions to serve on the Leadership team for a two-year term. The Leadership Team members 
elected in 2021 are:  
• Jacob Fosso Tande - University of North Carolina at Greensboro 
• Sarvani Chadalapaka - University of California, Merced 
• Shane Sanders - The Jackson Laboratory 
• Torey Battelle - Colorado School of Mines (2nd term) 
They join continuing Leadership Team members Thomas Cheatham (University of Utah), Douglas 
Jennewein (Arizona State University), Julie Ma (Massachusetts Green High Performance Computing 
Center (MGHPCC)), and Timothy Middelkoop (Internet2). One area of focus of the Leadership Team has 
been to develop a plan to sustain the Campus Champions Program after XSEDE funding expires, 
primarily through the work to develop a new website leveraging the Connect.CI architecture. It is under 
development at https://campuschampions.cyberinfrastructure.org/. 
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Virtual Residency Workshop 2021: The Virtual Residency Program 2021 workshop was held June 7-11, 
2021 via Zoom, at the introductory, intermediate, and advanced levels (roughly 1/3 of the sessions at 
each level). The workshop had 345 participants, from 194 institutions in 48 U.S. states and 3 U.S. 
territories plus 7 other countries on 5 continents, including 25 Minority Serving Institutions (13% of 
2021 workshop institutions), 38 non-PhD-granting institutions (20% of 2021 workshop institutions), 
55 institutions in 27 of 28 Established Program to Stimulate Competitive Research (EPSCoR) 
jurisdictions (28% of 2021 workshop institutions), and 144 Campus Champions institutions (74% of 
institutions that participated in the 2021 Virtual Residency workshop, 43% of all Campus Champion 
institutions at the time the 2021 workshop was held). The workshop had 21 sessions, featuring 78 
speakers, moderators, and panelists from 59 institutions. Slides and video recordings with closed 
captioning are available via the workshop webpage (http://www.oscer.ou.edu/virtualresidency2021/). 
PEARC21: While Champions could not gather in person again this year at PEARC21, that did not stop 
the community from coming together and sharing their accomplishments and challenges through 
workshops, papers, BoFs, posters, and panels. Over 200 Champions benefited from the NSF XSEDE 
support for registration and many of them contributed content to the conference. The Leadership team 
conducted a half-day workshop “What Does it Mean to be a Campus Champion?” that included a session 
on XSEDE allocations by Ken Hackworth, a tour of every tool you may want to know about by Douglas 
Jennewein, and “A Day in the Life of a Champion” panel moderated by Torey Battelle (Colorado School 
of Mines), with panelists Kaylea Nelson (Yale University), Shawn Doughty (Tufts University), Kevin 
Brandt (South Dakota State University), and Sarvani Chadalapka (University of California, Merced). 
For other metrics with respect to this WBS, see Appendix §12.2.2.1.5.  
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5. Extended Collaborative Support Service (WBS 2.2) 
The Extended Collaborative Support Service (ECSS) improves the productivity of the XSEDE user 
community through meaningful collaborations and well-planned training activities. The objective is to 
optimize applications, improve work and data flows, increase effective use of the XSEDE digital 
infrastructure, and broadly expand the XSEDE user base by engaging members of underrepresented 
communities and domain areas. The ECSS program provides professionals who can be part of a 
collaborative team—dedicated staff who develop deep, collaborative relationships with XSEDE users—
helping them make the best use of XSEDE resources to advance their work. These professionals possess 
combined expertise in many fields of computational science and engineering. They have a deep 
knowledge of underlying computer systems and of the design and implementation principles for 
optimally mapping scientific problems, codes, and middleware to these resources. ECSS includes 
experts in not just the traditional use of advanced computing systems but also in data-intensive work, 
workflow engineering, and the enhancement of scientific gateways.  
ECSS projects fall into five categories: Extended Support for Research Teams (ESRT), Novel and 
Innovative Projects (NaIP), Extended Support for Community Codes (ESCC), Extended Support for 
Science Gateways (ESSGW), and Extended Support for Training, Education and Outreach (ESTEO). 
Project-based ECSS support is requested by researchers via the XSEDE peer-review allocation process, 
or, in some cases, suggested by reviewers as something that would benefit the researchers. If reviewers 
recommend support and if staff resources are available, projects progress through three activities. First, 
the project is assigned to an ECSS expert. Second, the project is quantified with the formation of a work 
plan through collaboration with the research group. The work plan includes concrete quarterly goals 
and staffing commitments from both the PI team and ECSS. Third, when the project is completed, the 
ECSS expert produces a final report with input from the research group. A successful project is the 
completion of all three phases. Each state of the progression is measured to provide an assessment of 
progress. Submission of work plans within 45 days of initial contact, 90% of projects with work plans 
completed, and 85% of completed projects with final reports within three months are additional 
criteria for success. The ECSS managers review work plans and also track progress via Interim Project 
Reports.  
The success of the ECSS team depends on effective collaboration across all L2 areas of the project. 
Specifically, ECSS works closely with XCI to expand software capabilities; External Relations within PgO 
to communicate the science successes enabled by ECSS assistance; RAS to review allocations requests; 
and CEE to develop and deliver training in HPC, data intensive computing, effective use of XSEDE 
resources and other topics. In addition, ECSS partners with CEE to manage the Campus Champions 
Fellows program, which can involve mentors from any L2 area.  
Key Performance Indicators for Extended Collaborative Support Service are listed in the table below. 
Additional information about these KPIs can be found on the XSEDE KPIs & Metrics wiki page.  
For other metrics with respect to this WBS, see Appendix §12.2.2.2. 
Table 5-1: KPIs for Extended Collaborative Support Service. 





RY6 50/yr 24     Deepen/Extend 




RY5 45/yr 17 10 18 10 55 
RY4 45/yr 15 11 16 10 52 
RY3 45/yr 17   10 12  8  47 
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KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
RY2 50/yr 16 9 10 12 47 
RY1 50/yr * 10 13 25 48 
Grand 
(aggregate) 
mean rating of 
ECSS impact by 
PIs measured by 
ECSS Project Exit 
Survey items (1-
5 Likert scale) 
RY6 4 of 5/yr 4.0     Deepen/Extend 




RY5 4 of 5/yr 4.1  4.2  4.5   4.8 4.3 
RY4 4 of 5/yr  3.0 4.7  4.3  4.7  4.5 
RY3 4 of 5/yr  NA  3.9 4.4  4.3  4.2 
RY2 4 of 5/yr 4.1  4.0 3.8   4.3 4.0 
RY1 4 of 5 /qtr * 4.6  4.6 3.3 4.1 
Grand 
(aggregate) 




ECSS Project Exit 
Survey items (1-
5 Likert scale) 
RY6 4.5 of 5/ yr 4.3     
Deepen/Extend 




RY5 4.5 of 5/ yr  4.8 4.9  3.8  5.0  4.8 
RY4 4.5 of 5/ yr 3.0  5.0  5.0  4.7  4.8 
RY3 4.5 of 5/ yr  NA 4.3  4.8  4.5 4.6 
RY2 4.5 of 5/ yr 4.7 4.6 4.2  4.8 4.5  
RY1 4.5 of 5/ qtr * 4.9 4.7  4.6 4.5 
NA – Interviews were not conducted during this reporting period so no Impact and Satisfaction ratings were collected. 
The high number of completed projects (24) motivates ECSS to increase the annual goal from 40 to 50 
projects for the final year of XSEDE. Specifically, the ESRT and ESSGW completion targets will be 
increased by 5 projects each (see §5.2 and §5.4 below). The average satisfaction and impact ratings fell 
short of recent reporting periods. This was mainly due to lower scores given by one PI (of the seven 
completed PI interviews), who cited a lapse in communication as the major issue. Topics concerning 
project communication, best practices, and mitigation strategies will be emphasized in future staff 
training and discussions with consultants.  
ECSS Highlights 
ECSS consultant Yang Wang (PSC), has been playing a leading role in the development of the MuST 
(Multiple Scattering Theory) software, which is used for the simulation of disordered materials such as 
random alloys and semiconductors or glasses that have been doped with impurities. These calculations 
are extremely challenging to solve exactly since they require large numbers of atoms and the 
computational complexity of density functional theory (DFT) simulations scale as the third power of the 
number of electrons. MuST takes advantage of locally self-consistent multiple scattering theory (LSMS) 
to simplify the problem. Instead of, say, calculating the interactions of an aluminum atom in an Al-Cr-Fe-
Co-Ni alloy with each aluminum, chromium, iron, cobalt, and nickel atom nearby, it calculates those 
other atoms as a kind of average "soup" in which the aluminum atom sits. 
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Initial work with MuST (see Figure 9), which has been available to the general scientific community 
since December 2019, has produced results as good as or better than those of gold-standard methods 
such as the coupled cluster single-double and triple (e.g., CCSD(T)) or quantum monte carlo techniques, 
which require much more computing power. It also goes beyond the reach of those methods when large 
numbers of atoms (thousands or more) are involved. 
Yang’s contributions are part of a broader effort involving an international collaboration with the Oak 
Ridge National Laboratory, Universität Augsburg, University of the Chinese Academy of Sciences, 
Louisiana State University, and Middle Tennessee State University and were presented at the February 
16 ECSS Symposium (https://www.xsede.org/for-users/ecss/ecss-symposium). 
 ECSS Director’s Office (WBS 2.2.1) 
The ECSS Director’s Office has been established to provide the necessary oversight to ensure the 
greatest efficiency and effectiveness of the ECSS area. This oversight includes providing direction to the 
L3 management team, coordination of and participation in ECSS planning activities and reports through 
the area’s Project Manager, monitoring compliance with budgets, and retargeting effort, if necessary. 
The Director’s Office also attends and supports the preparation of project-level reviews and activities. 
The ECSS Director’s Office will continue to manage and set direction for ECSS activities and 
responsibilities. They will contribute to and attend bi-weekly Senior Management Team calls; 
contribute to the project level plan, schedule, and budget; contribute to XSEDE quarterly, annual, and 
other reports as required by the NSF; and attend XSEDE quarterly and annual meetings. The Director’s 
Office will advise the XSEDE PI on many issues, especially those relevant to this WBS area. The office 
consists of two Level 2 Co-Directors, Philip Blood, who manages ESRT and NIP activities, and Bob 
Sinkovits, who manages ESCC, ESSGW, and ESTEO activities. The office also has three project managers 
(Marques Bland, Sonia Nayak, and Leslie Morsek).  
Blood and Sinkovits carry out the post-project interviews with all project PIs who have received ECSS 
support, both to get their assessment of how the project went, and to hear and act on any concerns they 
may express. Sinkovits also organizes the monthly symposium series, serves as one of the contributors 
to staff training, and runs the Campus Champions Fellows program (§4.6). Blood convenes User 
Advisory Committee meetings and supports the User Advisory Committee Chair. 
The project managers aid in the management of the day-to-day activities of ECSS, which includes the 
management of project requests (XRAC and startups), active projects, project assignments, and staffing. 
They continuously refine the ECSS project lifecycle, further defining processes to aid in the management 
of over 100 active projects. They also administer Jira for the management and tracking of projects, both 
for the managers and directors of ECSS and for ECSS staff. 
 
Figure 9: Using the KKR-CPA method, the MuST software converts the complex surroundings of an atom in a random alloy 
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 Extended Support for Research Teams (WBS 2.2.2) 
Extended Support for Research Teams (ESRT) accelerates scientific discovery by collaborating with 
researchers, engineers, and scholars to optimize their application codes, improve their work and data 
flows, and increase the effectiveness of their use of XSEDE digital infrastructure. 
ESRT projects are initiated as a result of support requests or recommendations obtained during the 
allocation process. Most projects focus on research codes associated with specific research teams, as 
community codes fall under ESCC (§5.4), but are not exclusively restricted to this classification. The 
primary mandate of ESRT is the support of individual research teams within the context of their 
research goals. 
During this reporting period, 15 ESRT projects have been completed, which motivates the team to 
increase the annual target from 27 to 32 projects. ESRT has completed three PI interviews this 
reporting period, resulting in average satisfaction and impact scores of 3.7 and 15 months saved per 
project. Both average satisfaction and impact fell short of their targets. This was mainly due to lower 
scores given by one PI, who cited a lapse in communication as the major issue. Topics concerning 
project communication, best-practices, and mitigation strategies will be emphasized in future staff 
training and discussions with consultants. 
Combining Oral Histories with NOAA Data to Illustrate Two Decades of Change in the Florida 
Reef Tract 
A project led by Mr. Zachary Mason 
from the University of Maryland is 
exploring ways to protect, preserve, 
and add value to data from the National 
Oceanic and Atmospheric 
Administration’s (NOAA) Coral Reef 
Conservation Program (CRCP). This 
data includes information on Florida’s 
coral reefs. ESRT consultant, David 
Bock (NCSA), has created a 
visualization showing the effect of 
human population in coastal Florida 
counties on the amount of coral 
coverage between 1996-2020. This 
visualization was presented at the 
Practice & Experience in Advanced 
Research Computing (PEARC) 
Conference in July 2021 (see Figure 9). 
 
Figure 10: Visualization showing the population of coastal Florida 
counties (Broward, Monroe, Miami-Dade, Palm Beach, and Martin) 
compared to the percent coverage of coral. 
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For other metrics with respect to this WBS, see Appendix §12.2.2.2.1. 
 Novel & Innovative Projects (WBS 2.2.3) 
Novel and Innovative Projects (NaIP) accelerates research, scholarship, and education provided by new 
communities that can strongly benefit from the use of XSEDE’s ecosystem of advanced digital services. 
Working closely with the XSEDE Outreach team, the NaIP team identifies a subset of scientists, scholars, 
and educators from new communities, i.e., from disciplines or demographics that have not yet made 
significant use of advanced computing infrastructure, who are now committed to projects that appear 
to require XSEDE services, and are in a good position to use them efficiently. NaIP staff then provide 
personal mentoring to these projects, helping them to obtain XSEDE allocations and use them 
successfully. 
XSEDE projects generated by, and mentored by, the personal efforts of the NaIP experts should 
stimulate additional practitioners in their field to become interested in XSEDE. Strategies used include 
building and promoting science gateways serving communities of end-users and the enhancement of 
the Domain Champions program by which successful practitioners spread the word about the benefits 
of XSEDE to their colleagues.  
The project “Predicting Corporate Default,” by PI Jim Albertus of the Tepper School of Business at 
Carnegie Mellon University, was 
initiated as a Startup with lightweight 
consulting by NaIP expert Byron Gill 
(PSC) and is now a Research project 
with ESRT assistance by experts Paul 
Rodriguez (SDSC) and Bryon Gill. Its 
goal is to help implement and 
evaluate the performance of deep 
neural networks in predicting 
corporate default from financial 
metrics and indicators over nearly 40 
years for a large number of firms, and 
compare this performance to other 
models. There is large variation in the 
number of years that a firm has data 
 
Figure 11: The architecture of a Simple Recurrent Deep Network, and a 
sample prediction from training data for one firm. 
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(or is in existence). This situation is potentially well-suited for Recurrent Neural Networks which can 
process varying-length input (“ragged input”) with masking options. The collaborators have built a 
sequence of scripts to organize the data, produce validation sets, and run through parameter sweeps for 
three different deep learning networks, including two different recurrent networks. Figure 11 shows 
the architecture of a Simple Recurrent Deep Network, and a sample prediction of training data for one 
firm. The predictions from the selected deep learning network will be used to explore the association 
between bankruptcy risk and equity returns. Finance theory suggests these quantities should be 
positively related. In contrast, existing ad hoc predictions of corporate distress appear to be negatively 
related to equity returns. Improved predictions from a deep learning network may overturn this 
puzzling empirical finding. 
For other metrics with respect to this WBS, see Appendix §12.2.2.2.2 
 Extended Support for Community Codes (WBS 2.2.4) 
Extended Support for Community Codes (ESCC) extends the use of XSEDE resources by collaborating 
with researchers and community code developers to deploy, harden, and optimize software systems 
necessary for research communities to create new knowledge. 
ESCC supports users via requested projects and XSEDE-initiated projects. ESCC projects may be created 
in two different ways. Most ESCC projects are initiated as a result of requests for assistance during the 
allocation process. These projects are similar in nature to ESRT projects but involve community codes 
rather than codes developed for and by individual research groups. ESCC projects may also be initiated 
by staff to support a community’s needs. 
ESCC has two active projects and is about to initiate a third, and the team expects to meet its annual 
goal for the number of completed projects. Two PI interviews were conducted with PIs who completed 
ESCC projects in RY5, earning an average satisfaction score of 5.0 and an average impact score of 4.5.  
For other metrics with respect to this WBS, see Appendix §12.2.2.2.3. 
 Extended Support for Science Gateways (WBS 2.2.5) 
Extended Support for Science Gateways (ESSGW) broadens science impact and accelerates scientific 
discovery by collaborating in the development and enhancement of science-centric gateway interfaces 
and by fostering a science gateway community ecosystem. 
During this reporting period, ESSGW initiated one new project and completed nine projects, which 
motivates the team to increase its annual target to 14 projects. ESSGW works with 57 registered science 
gateways. Based on two exit interviews, the quarterly impact rating was 4.0 out of 5 and the client 
satisfaction rating was 4.5 out of 5, both meeting target values. The average estimated months saved 
was 10.5, slightly below the target of 12 months per project, based on these two interviews.  
XSEDE Science Gateways at PEARC21 
The Science Gateways Community Institute, an XSEDE Level-2 Service Provider, collected a list of 
science gateway-related activities at PEARC21; see https://sciencegateways.org/-/pearc21-science-
gateway-related-presentations. These included 8 tutorials, 2 panels, 4 Birds of a Feather sessions, and 9 
papers.  
For other metrics with respect to this WBS, see Appendix §12.2.2.2.4. 
 Extended Support for Training, Education, & Outreach (WBS 2.2.6) 
Extended Support for Training, Education & Outreach (ESTEO) prepares the current and next 
generation of researchers, engineers, and scholars in the use of advanced digital technologies by 
providing the technical support for Training, Education, and Outreach planned activities. 
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Typical events include train-the-trainers events, on-site classes requested by Campus Champions, 
regional workshops, conferences, and summer schools (including the International HPC Summer 
School). Staff also create and review online documentation and training modules. This on-demand 
training is increasingly popular with the user community when both time and travel budgets are 
limited. 
ESTEO members John Cazes, John Urbanic, and Jay Alameda were part of a collaborative, international 
team that hosted the International HPC Summer School in a virtual setting. 64 students participated 
consistently over two weeks of instruction, science talks, poster sessions, and mentoring with positive 
initial evaluation results. Full evaluation results will be presented as a highlight in the next IPR. ESTEO, 
in collaboration with the cross-XSEDE Terminology Task Force, presented staff training on HPC 
Terminology awareness, to improve our practices of inclusive programs and training. This also resulted 
in a community-building Birds of a Feather session at PEARC21 around terminology issues. 
For other metrics with respect to this WBS, see Appendix §12.2.2.2.5. 
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6. XSEDE Cyberinfrastructure Integration (WBS 2.3) 
The mission of XSEDE Cyberinfrastructure Integration (XCI) is to facilitate interaction, sharing, 
interoperability, and compatibility of all relevant software and related services across the national CI 
community, building and improving upon the foundational efforts of XSEDE.  
XCI envisions a national cyberinfrastructure that is consistent, straightforward to understand, and 
practical for use by researchers and students. Service to XSEDE Service Providers (SPs) is a particularly 
important aspect of XCI’s activities. XCI strives to make it possible for researchers and students to 
effortlessly use computational and data analysis resources ranging from those allocated by XSEDE to 
campus-based CI facilities, an individual’s workstation, and commercial cloud providers, and to interact 
with these resources via CI software services such as science gateways and Globus Online. XCI provides 
two essential integrating services: XCI provides the software glue that ties XSEDE together; particularly, 
it enables the interoperability of advanced computing resources supported by XSEDE with each other 
and with the XSEDE portal and other underlying infrastructure (e.g., accounting information), and XCI 
also improves the capabilities of campus cyberinfrastructure administrators anywhere in the US to 
manage local facilities in ways that are easily interoperable with the evolving national CI fabric while 
simultaneously leveraging training and educational materials created and disseminated by XSEDE. 
The success of the XCI team depends on effective collaboration across all L2 areas of the project. 
Specifically, the Requirements Analysis & Capability Delivery (RACD) team relies on Ops to integrate 
new capabilities as well as CEE, RAS, and the PgO’s External Relations (ER) team to help improve XSEDE 
services and inform the user community of their existence. The Cyberinfrastructure Resource 
Integration (CRI) team also collaborates with ER to communicate the tools and services which XSEDE 
makes available to the national CI community. 
Key Performance Indicators for XSEDE Cyberinfrastructure Integration are listed in the table below. 
Additional information about these KPIs can be found on the XSEDE KPIs & Metrics wiki page.  
For other metrics with respect to this WBS, see Appendix §12.2.2.3. 
Table 6-1: KPIs for XSEDE Cyberinfrastructure Integration (XCI). 
KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
Grand (aggregate) 
mean rating of XSEDE 
User Survey user 
satisfaction items 
regarding XCI software 
and technical services, 
capabilities, and 
resources  
RY6 4 of 5/yr 4.1     Advance — 




RY5 4 of 5/yr 4.4 - - - 4.4 
RY4 * * * * * * 
RY3 * * * * * * 
RY2 * * * * * * 
RY1 * * * * * * 
Grand (aggregate) 
mean rating of XSEDE 
User Survey Service 
Provider satisfaction 
items regarding XCI 
software and technical 
RY6 4 of 5/yr 4.4     Advance — 




RY5 4 of 5/yr 4.5 - - - 4.5 
RY4 * * * * * * 
RY3 * * * * * * 
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KPI Report Year Target RP1 RP2 RP3 RP4 Total Owner 
services, capabilities, 
and resources  
 
RY2 * * * * * * 
RY1 * * * * * * 
Number of non-XSEDE 
partnerships with XCI2 
RY6 14/yr 14     Advance — 




RY5 18/yr 14 11 16 15 211 
RY4 12/yr 9 10 11 21 211 
RY3 8/yr 13 12 11 12 201 
RY2 NA - - - - 8 
RY1 NA * - - - 8 
Mean time to issue 
resolution (days) RY6 
<10 
days/qtr 2.8     
Sustain — 
Provide excellent 
user support (§0) 
RY5 <10 days/qtr 4.2  6.0  10.1  2.4  5.3 
RY4 <10 days/qtr 5.4  4.5  8.8  35.8  13.7 
RY3 <14 days/qtr 22.3   7.3 2.9  2.9  8.8 
RY2 <30 days 4.0 7.0 8.0 5.0 6.1  
RY1 <45 days * 7.0 4.0 16.0 9.0 
- Data reported annually. 
1 Engagements often continue over multiple reporting periods and get counted in each period they are active. The annual total 
is calculated by the number of unique engagements across all reporting periods.  
2 Number of non-XSEDE partnerships with XCI was a new KPI in RY3 so there were no targets set for RY1 or RY2. Annual totals 
were calculated retroactively.  
 
All KPI targets were met this reporting period. While the target for “Number of non-XSEDE 
partnerships with XCI” has already been met, the team does not plan to increase the target. 
Partnerships are long-lived efforts that take time to develop. The team is focusing on delivering on the 
existing partnerships before the end of the XSEDE2 award instead of fostering new partnerships over 
the course of just one year. 
XCI Highlights 
XCI released a significant new Globus Connect Server (GCS) v5 service to Service Providers (SPs) that 
will significantly enhance researchers’ ability to move, share, and access data, and significantly enhance 
SPs’ ability to configure and manage data transfer and sharing capabilities. 
XCI released a significant Resource Description Repository update that simplifies and streamlines how 
SPs describe their resources and how resource descriptions are organized internally. 
The 2019 CRI Campus Champions Fellow Mohammed Tanash received the Best Paper Award at 
PEARC21, based on work supported during his tenure as CRI Fellow. 
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Two new members were added to the XSEDE federation in the Level 3 capacity—Arizona State 
University and Fluid Numerics. 
  XCI Director’s Office (WBS 2.3.1) 
The XCI Director’s Office has been established to provide necessary oversight to ensure the greatest 
efficiency and effectiveness of the XCI area. This oversight includes providing direction to the L3 
management team, coordination of and participation in XCI planning activities and reports through the 
area’s project manager, and monitoring compliance with budgets, retargeting effort, if necessary. The 
Director’s Office also attends and supports the preparation of project-level reviews and activities. 
The XCI Director’s Office will continue to manage and set direction for XCI activities and 
responsibilities. They will contribute to and attend bi-weekly Senior Management Team calls; 
contribute to the project level plan, schedule, and budget; contribute to XSEDE IPRs, annual reports, and 
other reports as required by the NSF; and attend XSEDE quarterly and annual meetings. Lastly, the 
Director’s Office will advise the XSEDE PI on many issues, especially those relevant to this WBS area. 
 Requirements Analysis & Capability Delivery (WBS 2.3.2) 
The Requirements Analysis & Capability Delivery (RACD) team facilitates the integration, maintenance, 
and support of cyberinfrastructure capabilities addressing user technical requirements. The process 
begins by preparing Capability Delivery Plans (CDPs) that describe the technical gaps in XSEDE’s 
prioritized Use Cases. To fill the gaps, RACD evaluates and/or tests existing software solutions, engages 
with software providers, and facilitates software and service integration. To ensure software and 
service adoption and ROI, RACD involves users, Service Providers (SPs), and operators in an integration 
process that uses engineering best practices and instruments components to measure usage. Once 
components are integrated, RACD facilitates software maintenance and enhancements in response to 
evolving user needs and an evolving infrastructure environment. 
RACD delivered two new components during this RP. First, the new Globus Connect Server (GCS) v5 
service was released to Service Providers (SPs) which introduces significant new features such as: 
enhanced ability for researchers to move, share, and access files on SP resources; the ability for 
researchers to upload and download files using HTTPS; more flexibility for SPs to define specific 
policies for different user communities; enabling SPs to more easily manage and scale their data 
transfer capability; and enabling SPs to delegate to their researchers the sharing of hosted data with 
collaborators that do not have access to the SP resource hosting the data. GCS v5 also transitions 
XSEDE’s data transfer capability from X.509 user credentials to OAuth user credentials and replaces the 
Grid Community Toolkit (GCT) GridFTP. Second, in support of GCS v5, the team introduced a new 
XSEDE tool that maps XSEDE user OAuth identities to local SP accounts. This tool will be usable by other 
SP services that need this identity mapping. 
RACD delivered nine significant fixes and enhancements to production components during this 
reporting period, including: integrated Valet module support into the Information Publishing 
Framework (IPF) tool, enhanced the Resource Description Repository (RDR) to streamline new 
resource entry by SPs, and various other maintenance improvements and upgrades to IPF, the Research 
Software Portal, and Information Services. 
RACD contributed to the PEARC21 paper, “Common Resource Descriptions for Interoperable Gateway 
Cyberinfrastructure,” which highlighted work on which XSEDE and SGCI collaborated that publishes 
XSEDE SP resource information in a standard format that enhances the ability of science gateways to 
discover and access XSEDE resources. 
The average support and defect response time was 2.8 days this reporting period for a total of 35 
requests. 
For other metrics with respect to this WBS, see Appendix §12.2.2.3.1. 
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 Cyberinfrastructure Resource Integration (WBS 2.3.3) 
The mission of the Cyberinfrastructure Resource Integration (CRI) team is to work with SPs, CI 
providers, and campuses to maximize the aggregate utility of national cyberinfrastructure. CRI 
facilitates the incorporation of XSEDE software at SPs and encourages SPs to publish their information 
in the RDR. CRI’s activities are reflected in the uptake of CRI-integrated toolkits, such as the XSEDE 
Campus Bridging Cluster toolkit and XSEDE National Integration Toolkit, but also Globus Transfer 
clients and other toolkits as developed. Through XCI, XSEDE serves an aligning function within the 
nation by assembling a technical infrastructure that facilitates interaction and interoperability across 
the national CI ecosystem. In turn, this infrastructure is adopted by campus, regional, and national CI 
providers because it makes their task of delivering services easier and the delivered services better. 
The suite of interoperable and compatible software tools that XSEDE makes available to the CI 
community is based on those already in use, and services are added that address emerging needs 
including data and computational services. Because the XSEDE Cyberinfrastructure Resource 
Integration team (CRI) deals primarily with Level 1, 2, and 3 SPs, along with campus 
cyberinfrastructure administrators and support experts, the SP Forum and Campus Champions are 
XCI’s primary sources of direction regarding prioritization of efforts. 
CRI continues to work closely with a number of campuses on deployment of CI resources, notably 
multiple deployments in Oklahoma with Southwestern Oklahoma State University, University of Central 
Oklahoma, and Langston University, as well as beginning a new engagement with University of South 
Dakota. Work continues to enhance the XSEDE Compatible Basic Cluster (XCBC) Virtual Cluster on 
OpenStack toolkit, extending it with Docker support in this past period. Cornell’s Center for Advanced 
Computing has adopted the toolkit on its on-premise OpenStack cloud and is running a cluster for 
faculty in the Johnson College of Business. CRI continues to work to support research software with 
containerized applications, collaborating with National Center for Genome Analysis Support (NCGAS) 
on containerized workflows in support of bioinformatics. 
The XSEDE Senior Management Team voted to approve two new members to the XSEDE Federation in 
the Level 3 capacity—Arizona State University and Fluid Numerics. Additionally, three new resources 
became available for request in the XSEDE allocations cycle for the first time during this RP. They are 
Indiana University’s Jetstream2, Purdue University’s Anvil (both of which are L1 resources), and the 
University of Delaware’s DARWIN, which is an L2 resource. 
For other metrics with respect to this WBS, see Appendix §12.2.2.3.2. 
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7. XSEDE Operations (WBS 2.4) 
The mission of XSEDE Operations is to install, connect, maintain, secure, and evolve an integrated 
cyberinfrastructure that incorporates a wide range of digital capabilities to support national scientific, 
engineering, and scholarly research efforts. 
In addition to the Operations Director’s Office (§0), Operations staff is subdivided into four teams based 
on the work breakdown structure: Cybersecurity (SecOps) (§7.2), Data Transfer Services (DTS) (§7.3), 
XSEDE Operations Center (XOC) (§7.4), and Systems Operational Support (SysOps) (§7.5). The 
Operations management team meets weekly and individual Operations groups meet approximately bi-
weekly with all meeting minutes posted to the XSEDE wiki. 
The success of the Operations (Ops) team depends on effective collaboration across all L2 areas of the 
project. In particular, Ops relies on XCI to support new capabilities and services (e.g., security or 
networking technologies) and RAS to create and deploy solutions to improve help ticket response or 
the central database. In addition, Ops relies on all WBS teams and the Service Providers to respond to 
help tickets for their areas that are submitted by users.  
Key Performance Indicators for Operations are listed in the table below. Additional information about 
these KPIs can be found on the XSEDE KPIs & Metrics wiki page.  
For other metrics with respect to this WBS, see Appendix §12.2.2.4. 
Table 7-1: KPIs for Operations. 
Area Metric Report Year Target RP1 RP2 RP3 RP4 Total 
Sub-goal 
Supported 




closed by the 
XOC 




support (§0) RY5 4.5 of 5/ qtr 4.7 4.7 4.7 4.7 4.7 
RY4 4.5 of 5/ qtr 4.8 4.7 4.7 4.7 4.7 
RY3 4.5 of 5 / qtr 4.5  4.9 4.6  4.7  4.7 
RY2 4.5 of 5 / qtr 4.5 4.8 4.8 4.4 4.6 














RY5 0 hrs/qtr 0  0  0   0 0 
RY4 0 hrs/qtr 0  0   22 0  22 
RY3 0 hrs/qtr 0  0   0 0  0 
RY2 0 hrs/qtr 0 0 0 0 0 
User satisfaction with closed help tickets remained high once again this reporting period, exceeding the 
target. Also, there was no downtime from security incidents this reporting period, which is the target 
for the KPI “Hours of downtime with direct user impacts from an XSEDE security incident.” 
Operations Highlights 
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The Cybersecurity group (SecOps) continued reviewing findings of a security audit of XSEDE’s AWS 
resources. This effort focuses on both generic best practices for Amazon Web Services (AWS) and 
security architecture specific to XSEDE’s needs. The group is coordinating with XCI (WBS 2.3), RAS 
(2.5), and SysOps (2.4.5) staff to review and implement additional security controls for AWS-hosted 
services. At present, this effort has produced updates to XSEDE’s new Identity and Access Management 
policy, a first round of security recommendations for further securing XSEDE’s AWS resources, and 
updates to other security documents. In fact, a revised Identity and Access Management policy has been 
submitted to XSEDE leadership for approval. 
The XSEDE Data Transfer Services (DTS) team joined both the SP Forum and the SP Software Meeting in 
June to discuss DTS engagement services. DTS would like the Forum and Software Meeting members’ 
input to help them better understand the data transfer elements of XSEDE users' science workflow 
requirements. One of DTS’s goals is to support the operational requirements of Service Providers as 
they work to meet their users’ data transfer needs. 
DTS coordinated a PEARC21 BoF titled “Science DMZ Experiences: Sharing Considerations and 
Approaches on Deploying and Maintaining a Science DMZ.” The goal was to bring together 
cyberinfrastructure engineers who are building or maintaining Science DMZs to discuss the various 
aspects of their deployments for the collective benefit of the community. It had more than 75 attendees. 
A Science DMZ is a part of the network specifically built to facilitate the high-speed file transfers needed 
for many of today’s high performance science applications and instruments. Built near the high-
performance network edge, these network areas are unlike typical enterprise or campus networks and 
often are new to the cyberinfrastructure engineers deploying them. This can result in a scalable and 
performant Science and Engineering (S&E) experience capable of addressing the security posture of the 
organization, while still supporting improved time to discovery for S&E users.  
Following the announcement of the XSEDE DTS BoF at PEARC21, a faculty member reached out to DTS 
seeking support for a Science DMZ deployment. This resulted in an ongoing engagement with an 
Associate Professor in the Department of Computing and Cyber Security at Texas A&M, San Antonio 
who is working to architect a Science DMZ framework to improve the local data transfer needs. 
SysOps worked closely with XCI (2.3) this reporting period to update existing XSEDE services in the XCI 
group, as well as help deploy a new service, COManange, for the XSEDE project in AWS. This 
deployment will help with group-level access across multiple XSEDE services and is currently being 
tested by the Project Management, Reporting & Risk Management (PM&R) group (2.6.3).  
Transition planning continued for all of Operations as XSEDE prepares for the announcement of ACCESS 
awardees. 
 Operations Director’s Office (WBS 2.4.1) 
The Operations Director’s Office has been established to provide the necessary oversight to ensure the 
greatest efficiency and effectiveness of the Operations area. This oversight includes providing direction 
to the L3 management team, coordination of and participation in Operations planning activities and 
reports through the area’s Project Manager, and monitoring compliance with budgets, retargeting effort 
if necessary. The Director’s Office also attends and supports the preparation of project-level reviews 
and activities. 
The Operations Director’s Office will continue to manage and set direction for Operations activities and 
responsibilities. The Office will contribute to and attend bi-weekly Senior Management Team calls; 
contribute to the project-level plan, schedule, and budget; contribute to XSEDE IPR, annual, and other 
reports as required by the NSF; and attend XSEDE quarterly and annual meetings. Lastly, the Director’s 
Office will advise the XSEDE PI on many issues, especially those relevant to this WBS area. 
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 Cybersecurity (WBS 2.4.2) 
The Cybersecurity Security (SecOps) group protects the confidentiality, integrity and availability of 
XSEDE resources and services. Users expect XSEDE resources to be reliable and secure, thus the 
security team’s goal is to minimize any interruption of services related to a security event. 
SecOps continued to improve and update XSEDE's critical infrastructure. XSEDE's identity provider 
service is now in production operations in AWS.  
Efforts also continue to plan and investigate moving hardware security modules (HSMs) into AWS. 
While moving these services into AWS presents new security risks, SecOps believes the benefits of fault 
tolerance and availability outweigh those possible risks.  
The aforementioned AWS audit (see Operations Highlights in §7) will help the group both understand 
these new risks and implement appropriate security controls. 
For other metrics with respect to this WBS, see Appendix §12.2.2.4.1. 
 Data Transfer Services (WBS 2.4.3) 
The Data Transfer Services (DTS) group facilitates data movement and management for the community 
by maintaining and continuously evolving XSEDE data services and resources.  
Globus data monitoring for this reporting period revealed there is once again an increase in file counts 
and a shift downward in average file size, with no corresponding shift in the performance number. The 
conclusion is that these high file transfer counts represent more really small files.  
DTS continued working with XSEDEnet partners to respond to complexity concerns with XSEDEnet 
routing in an effort to understand perceived shortcomings and to inform future design decisions. 
For other metrics with respect to this WBS, see Appendix §12.2.2.4.2. 
 XSEDE Operations Center (WBS 2.4.4) 
The XSEDE Operations Center (XOC) staff serve as user advocates, providing timely and accurate 
assistance to the XSEDE community, while simultaneously monitoring and troubleshooting user-facing 
systems and services. 
Once again, XSEDE users who submitted help tickets are very satisfied with the services received by the 
XOC help desk, expressing a satisfaction score exceeding 4.5 on a 5 point scale for the ninth consecutive 
reporting period. Also, the 393 tickets closed by XOC staff this reporting period were resolved in a mean 
time of less than 15 minutes.  
For other metrics with respect to this WBS, see Appendix §12.2.2.4.3. 
 System Operations Support (WBS 2.4.5) 
Systems Operational Support (SysOps) provides enterprise-level support and system administration for 
all XSEDE central services.  
SysOps has met the goal of 99.9% availability of enterprise services continuously since the second year 
of the project. 
The SysOps staff continued to investigate new technologies that will help maintain high availability of 
enterprise services using automated methods. 
SysOps continued to work with SecOps with auditing services in the XSEDE hybrid cloud structure. The 
audits of AWS services also continue, which have allowed the group to apply timely patches for several 
severe, root-level threats.  
For other metrics with respect to this WBS, see Appendix §12.2.2.4.4. 
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8. Resource Allocation Service (WBS 2.5) 
The Resource Allocation Service (RAS) is building on XSEDE’s current allocation processes and evolving 
to meet the challenges presented by new types of resources to be allocated via XSEDE, new computing 
and data modalities to support increasingly diverse research needs, and large-scale demands from the 
user community for limited XSEDE-allocated resources. RAS is pursuing these objectives through three 
activities: managing the XSEDE allocations process in coordination with the XD Service Providers 
(§8.2), enhancing and maintaining the RAS infrastructure and services (§8.3), and anticipating changing 
community needs.  
The success of the RAS team depends on effective collaboration across all L2 areas of the project. 
Specifically, RAS collaborates closely with Ops to ensure capabilities are available, secure, and up-to-
date; with External Relations (ER) within the Program Office to promote allocations periods and 
services; with XCI for continual product improvement and optimization; with CEE’s User Interfaces and 
Online Information (UII) for user optimization of services and processes; and with ECSS for efficient 
review of quarterly allocation requests. 
Key Performance Indicators for the Resource Allocation Service are listed in the table below. Additional 
information about these KPIs can be found on the XSEDE KPIs & Metrics wiki page.  
For other metrics with respect to this WBS, see Appendix §12.2.2.5. 
Table 8-1: KPIs for Resource Allocation Service. 
Area Metric Report Year Target RP1 RP2 RP3 RP4 Total 
Sub-goal 
Supported 








support (§0) RY5 4 of 5/ qtr 4.4 4.3 4.4 4.3  4.3 
RY4 4 of 5/ qtr 4.2 4.3 4.3 4.3 4.3 
RY3 4 of 5/ qtr  4.1  4.1 4.2   4.4 4.2 
RY2 4 of 5/ qtr 4.1 4.0 4.1 3.9 4.0 
RY1 4 of 5/ qtr * 4.0 4.0 4.0 4.0 
Mean rating of 
user satisfaction 
with XRAS  








RY5 4 of 5/ qtr 4.3  4.3  4.3  4.2  4.3 
RY4 4 of 5/ qtr 4.3  4.3   4.4 4.2  4.3 
RY3 4 of 5/ qtr 4.0  4.2  4.1 4.3  4.2 
RY2 4 of 5/ qtr 4.0  4.0 4.1   3.9 4.0  
RY1 4 of 5/ qtr * 4.0 4.0 4.0  4.0 
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This reporting period the satisfaction with the allocations process dipped less significantly, but may 
also have been affected by the response rate. The satisfaction rating dipped to 4.1 for the XRAS 
submission environment, possibly affected by fewer responses to the survey for the recent reporting 
period (69 responses). The process for distributing and reminding users of the survey will be reviewed 
for the coming quarter, but undoubtedly some survey fatigue may be setting in during the fifth year of 
XSEDE.  
RAS Highlights 
The RAS team continues to manage and process a continual stream of allocation requests, with the 
additional task of supporting and onboarding a number of new Service Providers into the XSEDE 
allocations environment. The University of Delaware, Johns Hopkins University, and Texas A&M 
University were all added as new AMIE sites and early Research allocations were made on forthcoming 
systems at Purdue University and NCSA at the June 2021 XRAC meeting.  
At the June XRAC meeting, 164 of 192 requests received some award for an 85% success rate. The RAS 
team also processed another 203 Startup, Education, and Campus Champion requests, along with 563 
allocation management actions. RAS also continues to support the ongoing (albeit substantially less 
busy) COVID-19 HPC Consortium allocations effort. 
A major effort for the RAS team during this reporting period was ongoing work to implement the core 
services supporting the redesigned XSEDE Accounting Service (XACCT). The web services that receive 
allocation information from XRAS and pass the data to Service Providers via AMIE were rewritten to 
take advantage of the overhauled accounting schema. Improvements to XRAS also continued, including 
the addition of support for observers in XRAS Review, which allow administrators to manage access for 
additional, non-reviewer participants to the XRAS Review site. 
  RAS Director’s Office (WBS 2.5.1) 
The RAS Director’s Office has been established to provide the necessary oversight to ensure the greatest 
efficiency and effectiveness of the RAS area. This oversight includes providing direction to the L3 
management team, coordination of and participation in RAS planning activities and reports through the 
area’s Project Manager, monitoring compliance with budgets, and retargeting effort if necessary. The 
Director’s Office also attends and supports the preparation of project-level reviews and activities. The 
RAS Director's Office also contributes to an analytics effort to support NSF, Service Providers, and 
XSEDE in understanding and projecting the stewardship of, demand for, and impact of CI resources and 
services.  
The RAS Director’s Office will continue to manage and set direction for RAS activities and 
responsibilities. They will contribute to and attend bi-weekly Senior Management Team calls; 
contribute to the project-level plan, schedule, and budget; contribute to XSEDE IPR, annual, and other 
reports as required by the NSF; and attend XSEDE quarterly and annual meetings. Lastly, the Director’s 
Office will advise the XSEDE PI on many issues, especially those relevant to this WBS area. 
 XSEDE Allocations Process & Policies (WBS 2.5.2) 
Allocations enable the national open science community to easily gain access to XSEDE’s advanced 
digital resources, allowing them to achieve their research and education goals.  
For the June 2021 XRAC meeting, held virtually via Zoom, 192 proposals were reviewed for XSEDE 
resources, of which 164 were recommended for award—a success rate of 85%. To continue addressing 
the success rate KPI, the team also continued to collaborate with Extended Collaborative Support 
Service (ECSS)/Extended Support for Training, Education, & Outreach (ESTEO) to produce user-
oriented training for the preparation of Code Performance and Scaling documents; these documents are 
often the cause of Research requests being rejected by the XRAC.  
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For the meeting, requests for compute resources were 41% more than the amount available; 
approximately 481M Service Units (SUs) (129B Normalized Units [NUs]) were requested with 295M 
SUs (95B NUs) recommended and 385M SUs (128B NUs) awarded. Note that SU values are impacted by 
both Stampede2 being allocated in node-hours, Graphics Processing Units (GPU) resources in GPU-
hours, and allocations being moved among these and resources allocated in core-hours. Also note that 
significantly more NUs were awarded than nominally available because, even though the NCSA Delta 
and Purdue Anvil resources had not planned to accept allocations, the Allocations Coordinator worked 
with the site reps from NCSA and Purdue to move awards that would otherwise have been reduced to 
fit availability. In terms of agency support, 107 requests (56%) were either entirely or partially 
supported by National Science Foundation (NSF) awards; 47 requests (25%) had support only from 
non-NSF sources, and 39 (20%) listed no supporting grants.  
During the June Research opportunity, 108 different Principal Investigator (PI) institutions were 
represented, 13 from Minority Serving Institutions (MSIs) and 21 from Established Program to 
Stimulate Competitive Research (EPSCoR) states. A total of 430 reviews were contributed by 101 
individuals from both the XRAC panel and the scientific specialists from the XSEDE ECSS area. 
Biophysics led all fields of sciences with 12.5% of the approved SUs, followed by Particle and High-
Energy Physics with 9.1% of approved SUs.  
Along with the New and Renewal submissions for the June Research opportunity, the RAS APP team 
managed the usual steady stream of requests for other allocation types and management actions for 
active projects in the May 2021 - July 2021 reporting period. The team processed 143 Startup New and 
Renewal requests, 30 Educational New and Renewal requests, and 30 Campus Champions New and 
Renewal requests. For management actions across all allocation types, the team also processed 262 
Extensions, 108 Supplements, 137 Transfers, 35 Advances, and 21 Adjustments.  
On a day-to-day basis, the RAS APP group fields user tickets and inquiries, processes Startup and 
Educational Requests within 7.78 days on average (less than the goal of 14 days), and handles 
allocation management requests (e.g., advances, transfers, supplements, and extensions). The team 
hosted two training webcasts to assist with Research request writing along with presenting with ECSS a 
webinar for Code Performance and Scaling. Throughout the year, the APP team supported the XSEDE-
wide reporting effort and ad hoc queries related to allocation information and other data in the XSEDE 
Central Database (XDCDB). The APP group also worked closely with the RAS A3M team of developers to 
test and recommend updates to the XRAS system. 
APP also worked with a number of new SPs to onboard their resources into the Allocations process and 
systems, including XRAS, RDR, and documentation. This will be an ongoing function for the next several 
months as more SPs integrate with XSEDE.  
Lastly, the Allocations Coordinator continues to support the COVID-19 HPC consortium with weekly 
review meetings and reporting. 
For other metrics with respect to this WBS, see Appendix §12.2.2.5.1. 
 Allocations, Accounting, & Account Management CI (WBS 2.5.3) 
The Allocations, Accounting and Account Management CI (A3M) group maintains and improves the 
interfaces, databases, and data transfer mechanisms for XSEDE-wide resource allocations, accounting of 
resource usage, and user account management.  
A major effort for the A3M team during this reporting period was the implementation of the core 
services supporting the redesigned XSEDE Accounting Service (XACCT). The web services that receive 
allocation information from XRAS and pass the data to Service Providers via AMIE were rewritten to 
take advantage of the overhauled accounting schema. To prepare for this transition, the A3M team has 
also been actively collaborating with other XSEDE areas to ensure that services maintained outside of 
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A3M will not be negatively impacted by the changes, and new API routes and database views have been 
developed to prepare for a clean transition to the new service.  
In addition to this work, A3M has continued to maintain and improve the XRAS suite of applications. 
New functionality in XRAS Review has been added to support observers within the review process, 
allowing non-reviewing users to access the XRAS Review site in addition to panel reviewers. The new 
Review Meeting interface, which was created in the previous reporting period, was improved based on 
user feedback during the XRAC, to improve the usability of the tool for the review process. Numerous 
other smaller changes were also made across the suite of tools to improve consistency of the 
application interface and to provide additional information to XRAS administrators. 
During this period, the team again spent time assisting new service providers as they integrated their 
sites into the XSEDE ecosystem. University of Delaware, Johns Hopkins University, and Texas A&M 
University were all added as new AMIE sites, and were coached through the process of integrating their 
allocation systems with XSEDE. 
A3M also completed a new AMIE integration to support XSEDE's Extended Collaborative Support 
Services (ECSS) program. The new integration allows allocations that have ECSS support requests to 
directly flow into the ECSS's Jira tracking, without the need for a human to copy the data from one 
system to another. 
For other metrics with respect to this WBS, see Appendix §12.2.2.5.2. 
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9. Program Office (WBS 2.6) 
The purpose of the Program Office (PgO) is to ensure critical project level functions are in place and 
operating effectively and efficiently. The oversight provided via the Project Office is necessary to 
provide consistent guidance and leadership to the L3 managers across the project. A common and 
consistent approach to managing projects and risks is provided by the Project Management, Reporting, 
and Risk Management (PM&R) team (§9.3), while Business Operations (§9.4) manages all financial 
functions and sub-awards. The crucial aspect of communications to all stakeholders is the focus of the 
External Relations team (§9.2). Finally, Strategy, Planning, Policy, Evaluation & Organizational 
Improvement (SP&E) (§9.5) focuses attention in precisely those areas to ensure the best possible 
structure continues to exist within XSEDE to allow the support of all significant project activities and 
enable efficient and effective performance of all project responsibilities. 
The success of the PgO depends on effective collaboration across all L2 areas of the project. The PgO 
conducts all administrative work for XSEDE, ensuring each project area is able to stay in operation and 
focused on the user-base. In addition, External Relations works with all L2 areas of the project to ensure 
that the user community is aware of the services offered by each area and to highlight project successes. 
Key Performance Indicators for the Program Office are listed in the table below. Additional information 
about these KPIs can be found on the XSEDE KPIs & Metrics wiki page.  
For other metrics with respect to this WBS, see Appendix §12.2.2.6. 
Table 9-1: KPIs for Program Office. 





submission and due 
date (days)  







RY5 0 0  0  0  0  0  
RY4 0 0  0  0 -14  -1 
RY3 0 0  0 0  0  0 
RY2 0 0 0 0 0 0 












RY5 90%/qtr 92.6  90.2  91.3 96.2  92.6 
RY4 95%/qtr 95.0  100.0  79.5  90.9  91.3 
RY3 95%/qtr 82.4   77.8 94.4  92.9  86.9 
RY2 95%/qtr  100.0 90.9 87.7 67.4 86.6 





areas within 90 days 





RY5 90%/yr 100  90  100  NA3 97 
RY4 90%/yr 47  48 0.1  0  24 
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Area Metric Report Year Target RP1 RP2 RP3 RP4 Total 
Sub-goal 
Supported 
 RY3 90%/yr 46 74 0   62 45.5 
organization 
(§3.3.3) 
RY2 90%/qtr 23 15 37  49 31 
RY1 90%/qtr * NA3 100 57 78.5 
Grand (aggregate) 




and accessibility of 
the XSEDE Staff Wiki  








RY5 3.9 of 5/ yr  -  3.9  - -  3.9 
RY4 3.9 of 5/ yr -  3.8 -   - 3.8 
RY3 3.5 of 5/ yr -  3.9 -   - 3.9 
RY2  * * *  * *  
RY1  * * * * * 
Number of staff 
publications 






RY5 50/yr 2  16  11  16  45 
RY4 32/yr 11 44 7  18  80 
RY3 20/yr 19  16 7  6  48 
RY2 20/yr 2 6 0 1 9 
RY1 70/yr * 5 0 13 18 
Grand (aggregate) 




in XSEDE  







RY5 4.1/yr - 4.3 - - 4.3 
RY4 4.1/yr - 4.2 - - 4.2 





* 4.3 * * 4.3 
RY1 * * * * * * 
Grand (aggregate) 
mean of Staff 
Climate Study 
awareness 
regarding equity in 
XSEDE  
 







RY5 4.0/yr - 4.4 - - 4.4 
RY4 4.0/yr - 4.2 - - 4.2 
RY3 4.0/yr - 4.1 - - 4.1 
RY2 * * * * * * 
RY1 * * * * * * 
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related media hits 










RY5 325/yr 624 467 326 121 1,538 
RY4 165/yr 66 92 101 237 496 
RY3 169/yr 23 29 54 60 166 
RY2 169/yr 42 30 44  29 145 
RY1 147/yr * 32 30 18 80 
- Data reported annually. 
1 Subaward institutions did not have XSEDE2 contracts in place yet, so no invoices had been issued. 
2 No subaward invoices received during this reporting period. 
3 No recommendations received during this reporting period. 
4 -1 indicates that the report was submitted one day early in this reporting period. 
XSEDE continues to meet the goal of submitting all project reports on time.  
100% of subaward invoices were processed within the target duration of 42 days. 
The project did not receive any recommendations during this reporting period.  
The KPIs measuring the XSEDE staff’s satisfaction with the staff wiki, inclusion, and equity are all 
reported annually in RP2 based on Staff Climate Study results, so there is no data to report during this 
reporting period.  
“Number of staff publications” is on-track to achieve the annual target.  
The number of media hits is slightly off pace to hit the annual target and significantly below numbers 
from the same period last year (at the same time, well above hits from RY2-4). The ER team believes the 
discrepancy has to do with more stories focused on COVID-19 during the first reporting period of RY5. 
ER will watch how the numbers are trending and, if off pace in the next reporting period, the team will 
meet to determine what adjustments can be made to reach the annual target. 
PgO Highlights 
The main focus areas of the Program Office during this reporting period were the annual NSF panel 
review, PEARC21, and preparing for the funding subaward amendments for the final project year. The 
annual NSF panel review and PEARC21 activities were successfully completed as planned, and the 
subaward funding amendment process is underway for all XSEDE subawards. The project does not 
anticipate any delay in processing the amendments. In addition, an updated spend plan will be made 
available for the XSEDE leadership’s review in August 2021.  
 Project Office (WBS 2.6.1) 
The Project Office has been established to provide the necessary oversight to ensure the greatest 
efficiency and effectiveness of the Program Office area and to establish responsibility for assuring 
advisory activities of the project occur. This oversight includes providing direction to the L3 
management team and coordination of and participation in Program Office planning activities and 
reports through the area’s Project Manager. The Project Office also attends and supports the 
preparation of project-level reviews and activities. Importantly, the Project Office is responsible for 
ensuring that the XSEDE Advisory Board, the User Advisory Committee, and the SP Forum are 
functioning. The Project Office is responsible for coordination of project-level meetings such as the bi-
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weekly Senior Management Team (SMT) teleconference calls and the project quarterly meetings. Lastly, 
the Project Office will advise the XSEDE PI on many issues, especially those relevant to this WBS area. 
 External Relations (WBS 2.6.2) 
External Relations’ (ER) mission is to communicate the value and importance of XSEDE to all 
stakeholders (including the internal audience) through creative and strategic communications. 
During this reporting period, the External Relations team shored up the process of identifying and 
promoting workshops on the XSEDE website, continued to refine the science story submission process, 
hosted 90 visitors to its booth at PEARC21 and identified nearly 270 conference attendees for follow-up 
communications, updated the Style Rubric to ensure alignment with the project’s mission and goals, 
published 13 science stories to the XSEDE website (roughly one per week), and ramped up planning for 
SC21, including the production of the annual Science Highlights book.. 
For other metrics with respect to this WBS, see Appendix §12.2.2.6.1. 
 Project Management, Reporting, & Risk Management (WBS 2.6.3) 
The Project Management, Reporting & Risk Management (PM&R) team enables an effective virtual 
organization through the application of project management principles; provides visibility to project 
progress, successes, and challenges; brings new ideas and management practices into the project; and 
disseminates lessons learned in XSEDE to other virtual organizations. Communication is critical to 
success in this highly distributed virtual organization.  
During this reporting period, the PM&R team worked with project leadership to ensure the on-time 
submission of the Annual Report and Program Plan in May. The L2 project managers also supported 
their area leaders in preparing for and presenting their area’s highlights during the project’s annual 
NSF panel review in June. PM&R also worked with the XCI team on using the Collaborative Organization 
Management (COmanage) software to streamline the project’s staff onboarding and offboarding 
process. 
For other metrics with respect to this WBS, see Appendix §12.2.2.6.2. 
 Business Operations (WBS 2.6.4) 
The Business Operations (BusOps) group, working closely with staff at the University of Illinois’s Grants 
and Contracts Office (GCO) and National Center for Supercomputing Applications’ (NCSA) Business 
Office, manages budgetary issues and sub-awards, and ensures timely processing of sub-award 
amendments and invoices.  
During this reporting period, Business Operations processed 100% of subaward invoices within the 
target duration of 42 days, which is a great accomplishment and a direct result of significant effort to 
improve communication of expectations to both subaward partner business offices and Illinois’s 
Sponsored Programs Administration office. The team also worked with subaward partners to collect 
updated spend plans in an effort to keep project leadership informed about the status of project 
spending and where unspent funds exist that can be redistributed as needed. In addition, the annual 
process of working with subaward institutions to complete their documentation for PY11 funding 
amendments began. 
For other metrics with respect to this WBS, see Appendix §12.2.2.6.3. 
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 Strategy, Planning, Policy, Evaluation & Organizational Improvement (WBS 
2.6.5) 
XSEDE dedicates effort to project-wide strategic planning, policy development, evaluation and 
assessment, and organizational improvement in support of sustaining an effective and productive 
virtual organization.  
XSEDE has engaged an independent Evaluation Team designed to provide XSEDE with information to 
guide program improvement and assess the impact of XSEDE services. Evaluations are based on five 
primary data sources: (1) an Annual User Survey that is part of the XSEDE annual report and program 
plan; (2) an Enhanced Longitudinal Study, encompassing additional target groups (e.g., faculty, 
institutions, disciplines, etc.) and additional measures (e.g., publications, citations, research funding, 
promotion and tenure, etc.); (3) an Annual XSEDE Staff Climate Study; (4) XSEDE KPIs, Area Metrics, 
and Organizational Improvement efforts, including ensuring that procedures are in place to assess 
these data; and (5) Specialized Studies as contracted by Level 2 directors and the Program Office.  
The SP&E team finalized the Annual User Survey and the Staff Climate study during this reporting 
period. They also conducted the following evaluations: five-day virtual residency workshop at 
University of Oklahoma, PEARC21 conference, and virtual International HPC Summer School program, 
and they distributed surveys to XRAS submitters and HPC monthly workshop attendees and conducted 
ECSS micro surveys. In addition, they contributed content to the annual NSF panel review and 
continued efforts on the XSEDE longitudinal studies.  
The Return on Investment (ROI) team has completed an analysis of the ROI on federal investment in 
XSEDE as follows: 
 
Note that for the first time ever they have measured an ROI of greater than 2, which means that for 
every dollar the NSF spends on XSEDE, the national research community receives more than $2 in 
value. The increases in measured ROI shown in the table above represent primarily increases in the 
types of data the team is able to collect and to which they can assign a market value. There is some 
contribution in the most recent increases coming from the value of XSEDE as measured by Service 
Providers, particularly Level 3 SPs.  
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The XSEDE ROI team is unquestionably the national leader in peer-reviewed publications about 
cyberinfrastructure and ROI, with a total of five such papers to their credit. A full analysis of ROI for 
XSEDE for the past 5 years (going back then prior to the current award and into the first XSEDE award) 
is now in review in the prestigious journal Scientometrics. 
For other metrics with respect to this WBS, see Appendix §0. 
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10. Financial Information 
The XSEDE Business Operations team (§9.4) tracks and manages the financial aspect of the XSEDE 
project. This section conveys the financial status at a project level. The focus is on spending against the 
approved budget.  
Note that closing out any given reporting period could take up to nine months after the reporting 
period ends. The actual duration is dependent on the timeliness of invoice submissions by the partner 
institutions, plus the University of Illinois invoice processing, typically 30-45 days. The table below 
shows the status of reported and paid costs during the defined reporting period. The understood delay 
in receipt and processing of invoices results in the need to update data associated with prior reporting 
periods, upon the release of each IPR.  
The tables below show the financial summary, at a project level and a partner institution level, as of the 
submission of this report. 
Table 10-1: Project Level Financial Summary. 
Reporting Period Invoices (Paid/Expected) Budgeted Spent Projected 
RY1 RP2: Sept '16 – Oct '16 38 of 38 $3,504,153 $2,094,031 N/A 
RY1 RP3: Nov '16 – Jan '17 57 of 57 $5,256,230 $3,656,383 N/A 
RY1 RP4: Feb '17 – Apr '17 57 of 57 $5,256,230 $4,527,552 N/A 
RY1 Total: Sept ’16 – Apr ‘17 152 of 152 $14,016,613 $10,277,966 N/A 
RY2 RP1: May '17 – Jul '17 57 of 57 $5,256,230 $5,475,155 N/A 
RY2 RP2: Aug '17 – Oct '17 57 of 57 $5,325,759 $5,012,569 N/A 
RY2 RP3: Nov '17 – Jan '18 57 of 57 $5,423,416 $4,928,182 N/A 
RY2 RP4: Feb '18 – April '18 57 of 57 $5,423,416 $4,850,097 N/A 
RY2 Total: Sept '17 – April '18 228 of 228 $21,428,820 $20,266,003 N/A 
RY3 RP1: May '18 – Jul '18 56 of 56 $5,332,257 $5,918,791 N/A 
RY3 RP2: Aug '18 – Oct '18* 57 of 57 $5,485,889 $5,204,824 N/A 
RY3 RP3: Nov '18 – Jan '19* 57 of 57 $5,560,866 $5,012,275 N/A 
RY3 RP4: Feb '19 – Apr '19* 58 of 58 $5,628,783 $5,343,120 N/A 
RY3 Total: Sept '18 – April '19* 228 of 228 $22,007,794 $21,479,009 N/A 
RY4 RP1: May '19 – Jul '19* 57 of 57 $5,662,741 $5,340,260 N/A 
RY4 RP2: Aug '19 – Oct '19 53 of 53 $5,726,607 $5,338,504 N/A 
RY4 RP3: Nov '19 – Jan '20 51 of 51 $5,750,235 $5,443,052 N/A 
RY4 RP4: Feb '20 – Apr '20 51 of 51 $5,750,235 $5,146,415 N/A 
RY4 Total: Sept '19 – April '20 212 of 212 $22,889,818 $21,268,232 N/A 
RY5 RP1: May '20 – Jul '20 51 of 51 $5,750,235 $6,063,749 N/A 
RY5 RP2: Aug '20 – Oct '20 51 of 51 $5,773,499 $4,982,788 N/A 
RY5 RP3: Nov '20 – Jan '21 51 of 51 $5,785,131 $5,377,667 N/A 
RY5 RP4: Feb '21 – Apr '21 51 of 51 $5,785,131 $5,267,053 N/A 
RY5 Total: Sept '20 – Apr '21 204 of 204 $23,093,995 $21,691,257 N/A 
RY6 RP1: May ‘21 - Jul ‘21 28 of 51* $5,785,131 $2,823,672 $3,191,249 
RY6 RP2: Aug ‘21 - Oct ‘21     
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RY6 RP3: Nov ‘21 - Jan ‘22     
RY6 RP4: Feb ‘22 - Apr ‘22     
Extended RY6: May ‘22 - Aug ‘22     
* Partial information available; will be updated in future IPRs. 
The following tables reflect received invoices and the breakdown distribution within the XSEDE Invoice 
Portal. The expenses reported may reflect back transfers, and we are reporting based on the month the 
expense posted to the grant/subaward account. 
Table 10-2: Partner Institution Level Financial Summary. 











NCSA 2 $733,278 $179,527 3 $1,099,917 $623,728 
TACC 2 $550,304 $31,027 3 $825,457 $55,141 
PSC/MPC 2 $532,169 $487,486 3 $789,253 $738,316 
SDSC/UCSD 2 $463,680 $471,304 3 $695,520  $681,232 
NICS/UTK 2 $286,575 $263,222 3 $429,862 $397,643 
U Chicago/ANL 2 $226,231 $188,387 3 $339,346 $221,649 
Indiana 
University 2 $189,172 $122,602 3 $283,758 $293,470 
Shodor 2 $107,262 $109,862  3 $160,893 $137,963 
Cornell 
University 2 $105,112 $89,470 3 $157,668 $124,968 
NCAR/UCAR 2 $66,215 $0 3 $99,323 $69,224 
Purdue 
University 2 $52,897 $54,084 3 $79,345 $111,537 
Georgia Tech 2 $55,357 $4,320 3 $83,035 $6,480 
SURA 2 $38,333 $31,027 3 $57,500 $55,141 
OK State (OSU) 2 $33,573 $8,574 3 $50,361 $16,321 
Ohio State (OSC) 2 $18,367 $0  3 $27,550 $32,197 
USC-ISI 2 $13,333 $31,027  3 $20,000 $55,141 
U Oklahoma 
(OU) 2 $11,261 $10,578 3 $16,892 $15,866 
U Georgia 2 $10,567 $2,788 3 $15,850 $4,182 
U Arkansas 2 $10,467 $8,749 3 $15,700 $16,184 
Project Level 38 of 38 $3,504,153 $2,094,031 57/57 $5,256,230 $3,656,383 
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NCSA 3 $1,099,917 $1,207,527 8 $2,933,112 $2,010,781 
TACC 3 $825,457 $63,772 8 $2,201,218 $149,940 
PSC/MPC 3 $798,253 $801,638 8 $2,128,675 $2,027,439 
SDSC/UCSD 3 $695,520 $711,326 8 $1,854,720 $1,863,862 
NICS/UTK 3 $429,862 $406,402 8 $1,146,299 $1,067,266 
U Chicago/ANL 3 $339,346 $491,477 8 $904,923 $901,513 
Indiana 
University 3 $283,758 $256,475 8 $756,688 $672,547 
Shodor 3 $160,893 $117,830 8 $429,048 $365,655 
Cornell 
University 3 $157,668 $107,949 8 $420,448 $322,387 
NCAR/UCAR 3 $99,323 $90,254 8 $264,861 $159,478 
Purdue 
University 3 $79,345 $58,688 8 $211,587 $224,308 
Georgia Tech 3 $83,035 $6,480 8 $221,427 $17,281 
SURA 3 $57,500 $63,772 8 $153,333 $149,940 
OK State (OSU) 3 $50,361 $14,547 8 $134,295 $39,442 
Ohio State 
(OSC) 3 $27,550 $32,471 8 $73,467 $64,667 
USC-ISI 3 $20,000 $63,772 8 $53,333 $149,940 
U Oklahoma 
(OU) 3 $16,892 $15,867 8 $45,045 $42,310 
U Georgia 3 $15,850 $4,182 8 $42,267 $11,151 
U Arkansas 3 $15,700 $13,123 8 $41,867 $38,056 
Project Level 57 of 57 $5,256,230 $4,527,552 152 of 152 $14,016,613 $10,277,966 
RY6 IPR15 Page 70 
 
 











NCSA 3 $1,099,917 $1,147,967 3 $1,098,678 $974,612 
TACC 3 $825,457 $916,498 3 $816,652 $847,586 
PSC/MPC 3 $798,253 $830,786 3 $807,749 $828,314 
SDSC/UCSD 3 $695,520 $722,633 3 $705,544 $723,763 
NICS/UTK 3 $429,862 $496,015 3 $459,812 $404,335 
U Chicago/ANL 3 $339,346 $336,242 3 $350,002 $147,712 
Indiana 
University 3 $283,758 $263,689 3 $277,231 $275,840 
Shodor 3 $160,893 $164,529 3 $162,986 $134,506 
Cornell 
University 3 $157,668 $152,928 3 $178,616 $125,746 
NCAR/UCAR 3 $99,323 $83,082 3 $107,430 $98,807 
Purdue 
University 3 $79,345 $68,088 3 $72,795 $70,039 
Georgia Tech 3 $83,035 $62,090 3 $75,542 $107,992 
SURA 3 $57,500 $59,371 3 $58,229 $62,519 
OK State (OSU) 3 $50,361 $38,016 3 $54,250 $125,817 
Ohio State (OSC) 3 $27,550 $33,963 3 $27,830 $25,220 
USC-ISI 3 $20,000 $33,955 3 $20,300 $13,152 
U Oklahoma 
(OU) 3 $16,892 $15,404 3 $20,455 $14,054 
U Georgia 3 $15,850 $31,924 3 $15,888 $16,871 
U Arkansas 3 $15,700 $17,975 3 $15,772 $15,682 
Project Level 57 of 57 $5,256,230 $5,475,155 57 of 57 $5,325,759 $5,012,569 
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NCSA 3 $1,154,307 $1,016,137 3 $1,154,307 $935,931 
TACC 3 $812,249 $869,772 3 $812,249 $303,524 
PSC/MPC 3 $812,496 $851,171 3 $812,496 $809,751 
SDSC/UCSD 3 $710,556 $716,848 3 $710,556 $727,397 
NICS/UTK 3 $474,787 $395,172 3 $474,787 $413,610 
U Chicago/ANL 3 $355,330 $148,934 3 $355,330 $730,303 
Indiana 
University 3 $273,968 $272,403 3 $273,968 $258,732 
Shodor 3 $164,032 $127,160 3 $164,032 $128,962 
Cornell 
University 3 $189,090 $144,466 3 $189,090 $141,914 
NCAR/UCAR 3 $111,483 $101,823 3 $111,483 $136,090 
Purdue 
University 3 $69,520 $74,499 3 $69,520 $66,940 
Georgia Tech 3 $78,439 $42,557 3 $78,439 $24,414 
SURA 3 $58,594 $42,633 3 $58,594 $55,266 
OK State (OSU) 3 $56,195 $37,584 3 $56,195 $30,217 
Ohio State (OSC) 3 $27,970 $22,023 3 $27,970 $22,727 
USC-ISI 3 $20,450 $16,735 3 $20,450 $19,177 
U Oklahoma 
(OU) 3 $22,237 $13,229 3 $22,237 $13,228 
U Georgia 3 $15,907 $18,633 3 $15,907 $18,633 
U Arkansas 3 $15,808 $16,404 3 $15,808 $13,283 
Project Level 57 of 57 $5,423,416 $4,928,182 57 of 57 $5,423,416 $4,850,097 
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RY2 Total: May ’17 – Apr ‘18 
Partner Institution Invoices Paid  (of 12) Budgeted Spent 
NCSA 12 $4,507,209 $4,074,646 
TACC 12 $3,266,607 $2,937,380 
PSC/MPC 12 $3,230,994 $3,320,022 
SDSC/UCSD 12 $2,822,175 $2,890,641 
NICS/UTK 12 $1,839,249 $1,709,132 
U Chicago/ANL 12 $1,400,007 $1,363,192 
Indiana University 12 $1,108,925 $1,070,664 
Shodor 12 $651,942 $555,158 
Cornell University 12 $714,463 $565,054 
NCAR/UCAR 12 $429,719 $419,801 
Purdue University 12 $291,179 $279,566 
Georgia Tech 12 $315,454 $237,053 
SURA 12 $232,917 $219,789 
OK State (OSU) 12 $217,001 $231,634 
Ohio State (OSC) 12 $111,320 $103,934 
USC-ISI 12 $81,200 $83,018 
U Oklahoma (OU) 12 $81,822 $55,914 
U Georgia 12 $63,553 $86,060 
U Arkansas 12 $63,087 $63,345 
Project Level 228 of 228 $21,428,820 $20,266,003 
† Subawardee transitioned institutions during this period, thus, there was only one invoice from each of those institutions 
during this period.  
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† Subawardee transitioned institutions during this period, thus, there was only one invoice from each of those institutions 
during this period.  
 











NCSA 3 $1,079,267 $1,061,000 3 $1,196,029 $1,134,369 
TACC 3 $799,010 $1,371,895 3 $793,074 $839,725 
PSC/MPC 3 $813,725 $822,138 3 $841,714 $825,881 
SDSC/UCSD 3 $710,556 $709,180 3 $721,408 $696,515 
NICS/UTK 3 $474,787 $543,968 3 $461,707 $410,580 
U Chicago/ANL 3 $355,446 $278,271 3 $353,810 $282,262 
Indiana 
University 3 $273,968 $280,742 3 $269,780 $251,812 
Shodor 3 $164,132 $187,195 3 $173,967 $128,270 
Cornell 
University 3 $189,090 $156,765 3 $191,982 $171,593 
NCAR/UCAR 3 $111,483 $107,236 3 $106,323 $77,394 
Purdue 
University 3 $69,520 $64,669 3 $70,595 $72,138 
Georgia Tech 3 $78,439 $146,226 3 $86,559 $65,189 
SURA 3 $58,594 $70,674 3 $64,542 $62,935 
OK State (OSU) 3 $56,195 $34,666 3 $24,427 $102,256 
Ohio State (OSC) 3 $27,970 $21,567 3 $33,257 $26,865 
USC-ISI 3 $20,450 $27,463 3 $20,757 $29,259 
U Oklahoma 
(OU) 3 $22,238 $14,601 3 $22,563 $14,276 
U Georgia 1† $6,363 $6,211 0 $0 $0 
Notre Dame 1† $5,219 $0 3 $15,656 $0 
U Arkansas 3 $15,808 $14,326 3 $15,940 $13,506 
Project Level 56 of 56 $5,332,257 $5,918,791 57 of 57 $5,485,889 $5,204,824 
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† Subawardee transitioned between institutions during this period resulting in net one additional invoice due to transition 


















NCSA 3 $1,254,410 $1,029,286 3 $1,254,410 $1,067,177 
TACC 3 $790,106 $678,184 3 $790,106 $961,363 
PSC/MPC 3 $855,709 $883,438 3 $855,709 $826,496 
SDSC/UCSD 3 $726,834 $682,790 3 $726,834 $685,154 
NICS/UTK 3 $455,168 $345,594 3 $455,168 $427,196 
U Chicago/ANL 3 $352,992 $423,139 3 $352,992 $317,198 
Indiana 
University 3 $300,386 $261,815 3 $300,386 $280,099 
Shodor 3 $178,884 $144,815 3 $178,884 $153,524 
Cornell 
University 3 $193,428 $198,933 3 $193,428 $266,505 
NCAR/UCAR 3 $103,743 $97,268 3 $103,743 $103,775 
Purdue 
University 3 $71,133 $72,890 3 $71,133 $47,359 
Georgia Tech 3 $90,619 $49,657 3 $90,619 $46,103 
SURA 3 $67,517 $46,680 3 $67,517 $86,153 
OK State (OSU) 3 $8,543 $26,391 1† $2,848 $8,878 
Internet2    3† $73,612 $0 
Ohio State (OSC) 3 $35,901 $22,952 3 $35,901 $27,291 
USC-ISI 3 $20,910 $7,402 3 $20,910 $7,837 
U Oklahoma 
(OU) 3 $22,726 $27,441 3 $22,726 $17,411 
U Georgia 0 $0 $0 0 $0 $0 
Notre Dame 3 $15,656 $0 3 $15,656 $0 
U Arkansas 3 $16,204 $13,601 3 $16,204 $13,601 
Project Level 57 of 57 $5,560,866 $5,012,275 58 of 58 $5,628,783 $5,343,120 
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Budgeted Spent Projected 
NCSA 12 $4,784,116 $4,291,832 $0 
TACC 12 $3,172,295 $3,851,167 $0 
PSC/MPC 12 $3,366,857 $3,357,953 $0 
SDSC/UCSD 12 $2,885,632 $2,773,638 $0 
NICS/UTK 12 $1,846,830 $1,727,338 $0 
U Chicago/ANL 12 $1,415,239 $1,300,869 $0 
Indiana University 12 $1,166,320 $1,074,468 $0 
Shodor 12 $695,866 $613,804 $0 
Cornell University 12 $767,927 $793,797 $0 
NCAR/UCAR 12 $425,293 $385,673 $0 
Purdue University 12 $282,381 $257,055 $0 
Georgia Tech 12 $346,235 $307,175 $0 
SURA 12 $258,170 $266,441 $0 
OK State (OSU) 10 $92,012 $172,191 $0 
Internet2 3 $73,612 $0 $0 
Ohio State (OSC) 12 $133,028 $98,674 $0 
USC-ISI 12 $83,027 $71,960 $0 
U Oklahoma (OU) 12 $90,253 $73,728 $0 
U Georgia 1 $6,363 $6,211 $0 
Notre Dame 10 $52,185 $0 $0 
U Arkansas 12 $64,154 $55,034 $0 
Project Level 228 of 228 $22,007,794 $21,479,009 $0 
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NCSA 3 $1,254,410 $987,332 3 $1,221,496 $1,040,514 
TACC 3 $790,106 $776,066 3 $809,638 $549,787 
PSC/MPC 3 $855,709 $835,783 3 $857,989 $894,619 
SDSC/UCSD 3 $726,834 $711,843 3 $788,548 $692,240 
NICS/UTK 3 $455,168 $452,047 3 $469,599 $422,264 
U 
Chicago/ANL 3 $352,992 $347,184 3 $364,621 $353,438 
Indiana 
University 3 $300,386 $247,478 3 $331,570 $390,765 
Shodor 3 $178,884 $188,947 3 $160,243 $213,694 
Cornell 
University 3 $193,428 $213,863 3 $195,934 $206,135 
NCAR/UCAR 3 $103,743 $161,398 3 $105,301 $141,144 
Purdue 
University 3 $71,133 $84,844 3 $72,163 $74,618 
Georgia Tech 3 $90,619 $98,865 3 $88,560 $73,146 
SURA 3 $67,517 $48,937 3 $87,176 $72,419 
OK State 
(OSU) 0 $0 $0 0 $0 $0 
Internet2 3 $110,418 $53,879 3 $77,222 $133,036 
Ohio State 
(OSC) 3 $35,901 $27,115 3 $36,174 $30,494 
USC-ISI 3 $20,910 $7,297 3 $21,224 $18,376 
U Oklahoma 
(OU) 3 $22,726 $18,357 3 $22,991 $18,137 
U Georgia 0 $0 $0 0 $0 $0 
Notre Dame 3 $15,656 $63,645 1 $5,219 $7,317 
U Arkansas 3 $16,204 $15,382 1 $10,938 $6,361 
Project Level 57 of 57 $5,662,741 $5,340,260 53 $5,726,607 $5,338,504 
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NCSA 3 $1,205,039 $1,091,031 3 $1,205,039 $1,055,366 
TACC 3 $819,405 $966,294 3 $819,405 $730,304 
PSC/MPC 3 $859,130 $837,147 3 $859,130 $857,841 
SDSC/UCSD 3 $819,405 $730,210 3 $819,405 $712,713 
NICS/UTK 3 $476,815 $473,779 3 $476,815 $500,998 
U 
Chicago/ANL 3 $370,436 $357,562 3 $370,436 $179,802 
Indiana 
University 3 $347,163 $316,887 3 $347,163 $410,438 
Shodor 3 $150,923 $94,127 3 $150,923 $124,724 
Cornell 
University 3 $197,188 $143,999 3 $197,188 $137,333 
NCAR/UCAR 3 $106,080 $114,560 3 $106,080 $127,488 
Purdue 
University 3 $72,678 $78,428 3 $72,678 $45,525 
Georgia Tech 3 $87,531 $58,608 3 $87,531 $48,373 
SURA 3 $97,006 $77,099 3 $97,006 $97,126 
OK State 
(OSU) 0 $0 $0 0 $0 $0 
Internet2 3 $60,624 $42,958 3 $60,624 $40,031 
Ohio State 
(OSC) 3 $36,311 $31,142 3 $36,311 $32,066 
USC-ISI 3 $21,381 $19,135 3 $21,381 $31,160 
U Oklahoma 
(OU) 3 $23,123 $10,086 3 $23,123 $15,129 
U Georgia 0 $0 $0 0 $0 $0 
Notre Dame 0 $0 $0 0 $0 $0 
U Arkansas 0 $0 $0 0 $0 $0 
Project Level 51 $5,750,235 $5,443,052 51 $5,750,235 $5,146,415 
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Budgeted Spent Projected 
NCSA 12 $4,885,984 $4,174,243 12 
TACC 12 $3,238,553 $3,022,452 12 
PSC/MPC 12 $3,431,957 $3,425,390 12 
SDSC/UCSD 12 $3,154,191 $2,847,006 12 
NICS/UTK 12 $1,878,397 $1,849,088 12 
U Chicago/ANL 12 $1,458,484 $1,237,987 12 
Indiana University 12 $1,326,282 $1,365,567 12 
Shodor 12 $640,973 $621,492 12 
Cornell University 12 $783,737 $701,329 12 
NCAR/UCAR 12 $421,204 $544,589 12 
Purdue University 12 $288,653 $283,415 12 
Georgia Tech 12 $354,242 $278,992 12 
SURA 12 $348,706 $295,581 12 
OK State (OSU) 0 $0 $0 0 
Internet2 12 $308,887 $269,904 12 
Ohio State (OSC) 12 $144,697 $120,816 12 
USC-ISI 12 $84,895 $75,967 12 
U Oklahoma (OU) 12 $91,963 $61,708 12 
U Georgia 0 $0 $0 0 
Notre Dame 4 $20,874 $70,962 4 
U Arkansas 4 $27,142 $21,743 4 
Project Level 212 $22,889,818 $21,268,232 212 
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Budgeted Spent Projected 
NCSA 3 $1,205,039 $1,060,364 $0 
TACC 3 $819,405 $983,225 $0 
PSC/MPC 3 $859,130 $810,950 $0 
SDSC/UCSD 3 $819,405 $737,176 $0 
NICS/UTK 3 $476,815 $586,305 $0 
U Chicago/ANL 3 $370,436 $534,409 $0 
Indiana University 3 $347,163 $370,990 $0 
Shodor 3 $150,923 $220,991 $0 
Cornell University 3 $197,188 $205,975 $0 
NCAR/UCAR 3 $106,080 $90,259 $0 
Purdue University 3 $72,678 $45,531 $0 
Georgia Tech 3 $87,531 $97,821 $0 
SURA 3 $97,006 $131,719 $0 
OK State (OSU) 0 0 0 0 
Internet2 3 $60,624 $42,050 $0 
Ohio State (OSC) 3 $36,311 $71,917 $0 
USC-ISI 3 $21,381 $47,115 $0 
U Oklahoma (OU) 3 $23,123 $26,952 $0 
U Georgia 0 0 0 0 
Notre Dame 0 0 0 0 
U Arkansas 0 0 0 0 
Project Level 51 $5,750,235 $6,063,749 $0 
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Budgeted Spent Projected 
NCSA 3 $1,226,682 $777,042 3 
TACC 3 $835,704 $726,978 3 
PSC/MPC 3 $869,377 $768,675 3 
SDSC/UCSD 3 $779,726 $732,889 3 
NICS/UTK 3 $468,032 $518,303 3 
U Chicago/ANL 3 $372,110 $344,253 3 
Indiana University 3 $349,102 $364,114 3 
Shodor 3 $153,001 $157,448 3 
Cornell University 3 $202,079 $194,500 3 
NCAR/UCAR 3 $107,672 $69,546 3 
Purdue University 3 $73,731 $41,732 3 
Georgia Tech 3 $88,620 $44,111 3 
SURA 3 $98,588 $83,417 3 
OK State (OSU) 0 0 0 0 
Internet2 3 $71,873 $73,354 3 
Ohio State (OSC) 3 $32,107 $35,252 3 
USC-ISI 3 $21,701 $30,606 3 
U Oklahoma (OU) 3 $23,394 $20,568 3 
U Georgia 0 0 0 0 
Notre Dame 0 0 0 0 
U Arkansas 0 0 0 0 
Project Level 51 $5,773,499 $4,982,788 0 
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Budgeted Spent Projected 
NCSA 3 $1,237,504 $1,171,921 $0 
TACC 3 $843,854 $726,978 $0 
PSC/MPC 3 $874,500 $768,675 $0 
SDSC/UCSD 3 $759,887 $732,889 $0 
NICS/UTK 3 $463,640 $518,303 $0 
U Chicago/ANL 3 $372,948 $344,253 $0 
Indiana University 3 $350,072 $364,114 $0 
Shodor 3 $154,040 $157,448 $0 
Cornell University 3 $204,524 $194,500 $0 
NCAR/UCAR 3 $108,469 $69,546 $0 
Purdue University 3 $74,257 $41,732 $0 
Georgia Tech 3 $89,164 $44,111 $0 
SURA 3 $99,380 $83,417 $0 
OK State (OSU) 0 0 0 0 
Internet2 3 $77,497 $73,354 $0 
Ohio State (OSC) 3 $30,005 $35,252 $0 
USC-ISI 3 $21,862 $30,606 $0 
U Oklahoma (OU) 3 $23,530 $20,568 $0 
U Georgia 0 0 0 0 
Notre Dame 0 0 0 0 
U Arkansas 0 0 0 0 
Project Level 51 $5,785,131 $5,377,667 $0 
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Budgeted Spent Projected 
NCSA 3 $1,237,504 $1,318,674 $0 
TACC 3 $843,854 $776,205 $0 
PSC/MPC 3 $874,500 $682,870 $0 
SDSC/UCSD 3 $759,887 $749,846 $0 
NICS/UTK 3 $463,640 $371,630 $0 
U Chicago/ANL 3 $372,948 $233,149 $0 
Indiana University 3 $350,072 $350,795 $0 
Shodor 3 $154,040 $253,664 $0 
Cornell University 3 $204,524 $153,954 $0 
NCAR/UCAR 3 $108,469 $82,666 $0 
Purdue University 3 $74,257 $45,032 $0 
Georgia Tech 3 $89,164 $40,450 $0 
SURA 3 $99,380 $96,902 $0 
OK State (OSU) 0 0 0 0 
Internet2 3 $77,497 $56,031 $0 
Ohio State (OSC) 3 $30,005 $19,629 $0 
USC-ISI 3 $21,862 $17,942 $0 
U Oklahoma (OU) 3 $23,530 $17,614 $0 
U Georgia 0 0 0 0 
Notre Dame 0 0 0 0 
U Arkansas 0 0 0 0 
Project Level 51 $5,785,131 $5,267,053 $0 
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Budgeted Spent Projected 
NCSA 12 $4,906,728 $4,328,001 $0 
TACC 12 $3,342,817 $3,213,386 $0 
PSC/MPC 12 $3,477,507 $3,031,170 $0 
SDSC/UCSD 12 $3,118,903 $2,952,799 $0 
NICS/UTK 12 $1,872,126 $1,994,541 $0 
U Chicago/ANL 12 $1,488,441 $1,456,065 $0 
Indiana University 12 $1,396,409 $1,450,014 $0 
Shodor 12 $612,003 $789,550 $0 
Cornell University 12 $808,314 $748,928 $0 
NCAR/UCAR 12 $430,690 $312,018 $0 
Purdue University 12 $294,924 $174,027 $0 
Georgia Tech 12 $354,480 $226,492 $0 
SURA 12 $394,354 $395,455 $0 
OK State (OSU) 0 0 0 0 
Internet2 12 $287,490 $244,789 $0 
Ohio State (OSC) 12 $128,427 $162,051 $0 
USC-ISI 12 $86,805 $126,269 $0 
U Oklahoma (OU) 12 $93,576 $85,702 $0 
U Georgia 0 0 0 0 
Notre Dame 0 0 0 0 
U Arkansas 0 0 0 0 
Project Level 204 $23,093,995 $21,691,257 $0 
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Budgeted Spent Projected 
NCSA 1 $1,237,504 $397,732 $860,502 
TACC 2 $843,854 $672,899 $323,932 
PSC/MPC 1 $874,500 $308,723 $651,222 
SDSC/UCSD 2 $759,887 $511,641 $271,522 
NICS/UTK 1 $463,640 $183,973 $359,436 
U Chicago/ANL 1 $372,948 $51,747 $258,430 
Indiana University 1 $350,072 $123,664 $253,929 
Shodor 3 $154,040 $155,342 $0 
Cornell University 3 $204,524 $167,774 $0 
NCAR/UCAR 1 $108,469 $30,628 $91,170 
Purdue University 3 $74,257 $47,039 $0 
Georgia Tech 2 $89,164 $53,609 $15,687 
SURA 2 $99,380 $68,548 $32,743 
OK State (OSU) 0 0 0 0 
Internet2 1 $77,497 $18,575 $23,037 
Ohio State (OSC) 2 $30,005 $16,559 $11,536 
USC-ISI 1 $21,862 $9,348 $27,851 
U Oklahoma (OU) 1 $23,530 $5,871 $10,250 
U Georgia 0 0 0 0 
Notre Dame 0 0 0 0 
U Arkansas 0 0 0 0 
Project Level 28 $5,785,131 $2,823,672 $3,191,249 
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11. Project Improvement Fund 
The XSEDE Project Improvement Fund (PIF) is an extension of the XSEDE PY7-PY9 annual planning and 
budget review process to strategically invest approximately 2% of the annual budget ($465k annually) 
towards short-term project improvements specific to the XSEDE project. A lightweight Phase-Gate 
process is used to facilitate the review and prioritization of proposed project improvements by the 
XSEDE Senior Management Team (SMT). Funding is allocated based on this prioritization. The details of 
the process can be found on the XSEDE wiki PIF page. It is important to note that the annual budget for 
project improvement funds, while expected to be used during a specific project year, are not intended 
to be fully allocated during the project year planning period. The funds are allocated prior to and 
throughout the first half of the project year via a review process for the project to fund important ideas 
that bring value to the project and, in particular, to the community we support.  
There have been a wide range of PIFs approved, including: updates and improvements to tools, staff 
training, new offerings to the community, and analysis efforts of the project’s tools and services. 
To date, 25 idea submissions have been received and reviewed. The following is a summary of the 
current status:  
PY7 Project Improvement Fund Status 
Total PIF funds allocated: $389K of $389K 
 
State/Phase Submissions Comments 
Complete 6 Projects officially closed 
ECSS cloud support specialist 
• XDCDB improvements 
• Jira bootcamp 
• ECSS: Ease transition to Stampede2 
• 2K Duo licenses 
• 2017 IHPCSS 
 
Not Funded 4 Other recent efforts were similar or the submission 
requested annually recurring funding 
 




PY7 PIF funds have been reduced by $76K, as per PCR #14, to fund the 2018 International HPC Summer School. The NSF 
proposal to cover the funding of the summer school was not approved by NSF, resulting in PCR #14 being triggered to 
ensure sufficient funding for the summer school. 
PY8 Project Improvement Fund Status 
Total PIF funds allocated: $356K of $356K 
 
State/Phase Submissions Comments 
Complete 3 Activity was completed during PY8: 
RY6 IPR15 Page 86 
• ER Market Analysis 
• ORCID Membership Fee 
• 2019 IHPCSS 
Funded/Execute 4 No PY8 PIFs moved to Funded this reporting period. PY8 
PIF proposals that were funded and continue to be 
executed: 
• Update Applications of Parallel Computing online 
course (PY8 & PY9) 
• ROI analysis of CI systems (PY8-10) 
• Longitudinal studies (PY8-10) 
• Equity & Belonging (PY8-10)  
In Process/Planning 2 Proposals received in PY8 that are still in review: 
• OpenStack Toolkit 
• ECSS staff training 
Withdrawn 2 Two proposals withdrawn due to lack of available funds 
Notes:  
The PY8 PIF funds have been reduced by approximately $108K to fund the 2019 International HPC Summer School. This is 
due to the lack of NSF funding for the Summer School event. 
Two PIF submissions that were received during PY8 continue to be reviewed by the SMT. Although all 
budgeted PIF funds have been fully allocated, the PIF submission window will remain open to collect 
and prioritize valuable ideas to prepare for possible future unspent funds being reallocated for high 
impact ideas. 
PY9 Project Improvement Fund Status 
Total PIF funds allocated: $465K of $465K 
 
State/Phase Submissions Comments 
Complete 2 Funded activities completed during PY9 
• Duo licenses 
Update Applications of Parallel Computing online course (PY8 
& PY9) 
Funded/Execute 3 No PIFs moved to Funded this reporting period. Three PIF 
activities continued from PY8: 
• ROI analysis of CI systems (PY8-10) 
• Longitudinal studies (PY8-10) 
• Equity & Belonging (PY8-10) 
In Process/Planning 1 Proposal received in PY9 that is still in review: 
• Integrate online textbook exercises with CCRS 
toolkit 
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Withdrawn 2 One proposal withdrawn due to lack of available funds. 
One proposal was withdrawn because funds were 
allocated from another area of the project to cover the 
cost. 
 
One PIF submission that was received during PY9 continues to be reviewed by the SMT. Although all 
budgeted PIF funds have been fully allocated, the PIF submission window will remain open to collect 
and prioritize valuable ideas to prepare for possible future unspent funds being reallocated for high 
impact ideas.  
PY10 Project Improvement Fund Status 
While there are no PIF funds budgeted for PY10, there are multi-year PIF funded activities that were 
funded in PY8 and 9 and will be continued in PY10 using unspent non-PIF project funds from PY6-8. 
 
State/Phase Submissions Comments 
Complete 0  
Funded/Execute 3 Three activities continue from previous year: 
• ROI analysis of CI systems (PY8-10) 
• Longitudinal studies (PY8-10) 
• Equity & Belonging (PY8-10) 
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12. Appendices 
 Glossary and List of Acronyms 
ACRONYM DESCRIPTION Notes 
A3M Allocations, Accounting & Account Management  
A&AM Accounting & Account Management   
A&D Architecture & Design   
ADR Architecture Design Review   
AL2S Advanced Layer 2 Service Enables Internet2 users to create point-
to-point VLANs 
AMIE Account Management Information Exchange   
API Application Programming Interface   
Area Metric A quantifiable measure that is used to track and 
assess the status of a specific process. Area Metrics 
can measure performance or operational status. Area 
Metrics relating to performance can be used alone or 
in combinations as a key performance indicator (KPI) 
for the project. 
 
AWS Amazon Web Services  
BoF Birds of a Feather Group of community members who 
informally gather to discuss best 
practices and/or plans 
C4C Computing4Change  
CaRCC Campus Research Computing Consortium  
CB Campus Bridging Infrastructure to make XSEDE resources 
appear to be proximal to the 
researcher’s desktop 
CC Campus Champion   
CDPs Capability Delivery Plans  
CEE Community Enhancement & Engagement  
CERN Organisation Européenne pour la Recherche 
Nucléaire 
 
co-Pi Co-Principal Investigator   
CRI Cyberinfrastructure Resource Integration  
CRM Customer Relationship Management   
CS&E Computational Science & Engineering   
CSR Community Software Repository  
CTSC Center for Trustworthy Scientific Infrastructure  
DNS Domain Name Service   
DNSKEY Domain Name Service Key   
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DNSSEC DNS Security   
DTS Data Transfer Services  
E&O Education and Outreach   
ECSS Extended Collaborative Service   
e-infrastructure The integration of networks, grids, data centers and 
collaborative environments, and are intended to 
include supporting operation centers, service 
registries, and credential delegation services. 
  
ER External Relations   
ESRT Extended Support for Research Teams   
ESSGW Extended Collaborative Support for Science Gateways   
ESTEO Extended Support for Training, Education, & Outreach   
FTE Full Technical Equivalent   
GAAMP General Automated Atomic Model Parameterization   
GFFS Globus Federated File System   
GridFTP Grid File Transfer Protocol   
HBCUs Historically Black Colleges and Universities  
HPC High Performance Computing   
HPCU HPC University  
HSI Hispanic Service Institution  
HSM Hardware Security Module   
I2 Internet2   
IC  Industry Challenge   
IdM Identity Management   
IGTF Interoperable Global Trust Federation  
INCA/Nagios A service monitoring tool   
IPR Interim Project Report  
IR Incident Reports   
JIRA an activity tracking tool   
KB KB documents   
KPI Key Performance Indicators - A metric or combination 
of metrics meant to measure performance in key 
areas of the program so that actions and decisions 
which move the metrics in the desired direction also 
move the program in the direction of the desired 
outcomes and goals.  
  
L2 WBS Level 2   
L3 WBS Level 3   
MFC Minority Faculty Council   
MS Microsoft   
MSI Minority Serving Institution   
MTTR Mean Time To Resolution  
NCAR National Center for Atmospheric Research   
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NCSA National Center for Supercomputing Applications   
NICS National Institute of Computational Science   
NaIP Novel & Innovative Projects   
OSG Open Science Grid   
OTP One Time Password   
PEARC Practice & Experience in Advanced Research 
Computing Conference Series (www.pearc.org)  
 
PEP Program Execution Plan   
perfSONAR PERFormance Service Oriented Network monitoring 
Architecture 
  
PI Principal Investigator   
PM Project Management/Project Manager   
PM&R Project Management, Reporting & Risk Management  
POPS PACI Online Proposal System this is no longer an acronym and POPS is 
just the name for the allocation 
submission system; being supplanted by 
XRAS 
PRACE Partnership for Advanced Computing in Europe  
PSC Pittsburgh Supercomputing Center   
PY Program Year   
RAS Resource Allocations Service   
RACD Requirements Analysis & Capability Delivery  
RDR Resource Description Repository  
RESTful Representational state transfer    
rocks roll An open source cluster distribution solution that 
simplifies the processes of deploying, managing, 
upgrading, and scaling high-performance parallel 
computing clusters.  
  
RT Request Tracker Ticketing System   
SACNAS Society for Advancement of Chicanos and Native 
Americans 
  
SCxy Supercomputing Conference (e.g. SC16)   
SD&I Software Development & Integration   
SDIACT Software Development & Integration Activity   
SDSC San Diego Supercomputer Center   
SecOps Operations - Cybersecurity  
SH2 SH2 Security   
Shodor A National Resource for Computational Science 
Education 
  
SP Service Provider  
SP&E Strategy, Planning, Policy, Evaluation & 
Organizational Improvement 
 
STEM Science Technology Engineering Mathematics   
SURA Southeastern Universities Research Association  
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SysOps Systems Operations   
TACC Texas Advanced Computing Center   
TAGPMA The Americas Grid Policy Management Authority  
TEOS Training, Education and Outreach Service   
TAS Technology Audit Service  
TeraGrid An e-Science grid computing infrastructure combining 
resources at eleven partner sites. 
  
TTX Table Top Exercise  
UCCAN Canonical Use Case   
UCCB Campus Bridging Use Case   
UCDA Data Analytics Use Case   
UCDM Data Management Use Case   
UCF Federation & Interoperation Use Case   
UCFC First Connecting Instrumentation Use Case   
UCHPC High Performance Computing Use Case   
UCHTC High Throughput Computing Use Case   
UCSGW Science Gateway Use Case   
UCSW Scientific Workflow Use Case   
UCVIS Visualization Use Case   
UE User Engagement   
UII User Interfaces & Information   
URC Under-represented communities   
URCE Under-Represented Community Engagement   
UREP User Requirement Evaluation & Prioritization   
URM Under-Represented Minority   
US United States   
WBS Work Breakdown Structure Numerical code for each group within 
XSEDE 
WISE Wise Information Security for E-infrastructure  
WLCG Worldwide LHC Computing Grid  
XCBC XSEDE Compatible Basic Cluster Enables campus resource 
administrators to build a local cluster 
operating on open source software and 
compatible with XSEDE supported 
resources from scratch. 
XCI XSEDE Cyberinfrastructure Integration  
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XDCDB XSEDE Central Database The XDCDB contains 24 schemas, 
notably the accounting, resource 
repository, portal, and AMIE databases. 
XDMoD XSEDE Metrics on Demand Comprehensive HPC system 
management tool 
XES XSEDE Enterprise Services  
XMS XD Net Metrics Services  
XNIT XSEDE National Integration Toolkit A suite of software modules intended for 
extant clusters so they are easily 
interoperable with XSEDE-supported 
resources.  
XOC XSEDE Operation Center   
XRAC XSEDE Resource Allocation Committee   
XRAS XSEDE Resource Allocations System   
XSEDE eXtreme Science and Engineering Discovery 
Environment 
  
XSEDE CA XSEDE Certificate Authorities Entity responsible for certifying 
encryption keys for identity 
management 
XSEDE KDC XSEDE Kerberos   
XSEDE14 XSEDE Conference in 2014   
XSEDEnet an XSEDE-only network   
XSO XSEDE Security Officer  
XSP XSEDE Scholars Program   
XSWoG XSEDE Working Group  
XTED XSEDE Technology Evaluation Database   
XUP XSEDE User Portal The XSEDE web pages at 
http://xsede.org 
XWFS XSEDE Wide File System   
 
 Metrics 
12.2.1. SP Resource and Service Usage Metrics 
To demonstrate its success and help focus management attention on areas in need of improvement, 
XSEDE monitors a wide range of metrics in support of different aspects of “success” for the program. 
The metrics presented in this section provides a view into XSEDE’s user community, including XSEDE’s 
success at expanding that community, the projects and allocations through which XSEDE manages 
access to resources, and the subsequent use of the resources by the community.  
Table 12-1 summarizes a few key measures of the user community, the projects and allocations, and 
resource utilization. Expanded information and five-year historical trends are shown in three 
corresponding subsections.  
In Q2 2021, XSEDE user community metrics dipped slightly, along with the end of the academic year. 
For traditional users, the number of open HPC user accounts remained over 11,500, and the number of 
RY6 IPR15 Page 93 
active users dropped to 4,300, but the number of institutions represented among the users running jobs 
climbed to over 540. The number of gateway users, however, dropped to about 9,800. This was 
primarily due to the inability to capture manually reported users from some gateways. More details are 
in §12.2.1.1. Project and allocation activity held strong, with resource requests about 1.75 times what 
was available; and the XRAC recommended support for approximately the amount that was available. 
More details are in §12.2.1.2. 
Total XSEDE-allocated resource capacity dropped to 26.8 Pflops (peak) with SDSC’s Comet being retired 
in Q2 2021. The central accounting system showed 10 compute resources reporting activity. Altogether, 
SP resources reported more than 81 billion NUs of computing delivered. More details are in §12.2.1.3. 
Table 12-1: Quarterly activity summary. 
User Community Q3 2020 Q4 2020 Q1 2021 Q2 2021 
Open user accounts 11,178 11,090 11,691 11,514 
Active individuals 4,229 4,421 4,425 4,320 
Gateway users 12,148 17,730 13,900 9,746 
New user accounts 1,779 1,586 2,142 1,335 
Active fields of science 67 73 76 78 
Active institutions 532 528 511 543 
Projects and Allocations     
NUs available at XRAC 100.8B 100.9B 91.3B 92.5B 
NUs requested at XRAC 189.0B 200.6B 129.7B 162.2B 
NUs recommended by XRAC 96.2B 92.8B 95.4B 93.6B 
NUs awarded at XRAC 94.9B 92.8B 88.7B 86.1B 
Open projects 2,443 2,464 2,428 2,309 
Active projects 1,492 1,491 1,505 1,477 
Active gateways 22 27 24 27 
New projects 269 235 218 158 
Closed projects 233 313 371 333 
Resources and Usage     
Resources open (all types) 30 31 36 38 
Total peak petaflops 18.4 23.5 28.6 26.8 
Resources reporting use 9 11 15 10 
Jobs reported 3.11M 4.40M 3.40M 4.42M 
NUs delivered 52.0B 55.9B 69.0B 81.2B 
 
12.2.1.1. User community metrics 
Figure  shows the five-year trend in the XSEDE user community, including open user accounts, total 
active XSEDE users, active individual accounts, active gateway users, the number of new HPC user 
accounts, and the total number of new XUP accounts at the end of each quarter. The quarter had 11,514 
open accounts and saw 4,320 traditional users charging jobs. The number of active gateway users 
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declined to 9,746, primarily due to lack of manually reported data from several gateways. We expect 
gateway user counts to rebound next quarter. 
Figure  shows the activity on XSEDE resources according to field of science across program years, 
including the relative fraction of PIs, open accounts, active users, allocations, and NUs used according to 
discipline. The figure shows the fields of science that consume ~2% or more of delivered NUs per 
quarter. PIs and users are counted more than once if they are associated with projects in different fields 
of science. The quarterly data show that the percentages of PIs and accounts associated with the “other” 
disciplines represent more than 35% of all PIs, 40% of direct-access user accounts, and two-thirds of 
active users. Collectively the “other” fields of science represented 8.8% of total quarterly usage.  
Note that XSEDE introduced an updated set of fields of science in Q3 2020, and this report continues to 
use XSEDE’s new fields of science list. We have developed a mapping from the prior fields of science to 
the new ones so that we can report usage across the cutover date. This mapping likely explains the 
current prominence of “Other Physical Sciences” and “Other Chemical Sciences.” As projects are 
renewed and have the chance to select a new field of science, we expect to see more projects get 
categorized in the more specific field options.  
 
Figure 12-1: XSEDE user census, excluding XSEDE staff. The dramatic increases in gateway users starting in Q4 2016 are due 
to the I-TASSER gateway beginning to use XSEDE-allocated resources. 
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Figure 12-2: Quarterly XSEDE user, allocation, and usage summary by field of science, in order by usage, excluding staff projects. 
Note: PIs and users may appear under more than one field of science. 
Table 12-2 and Table 12-3 highlight aspects of the broader impact of XSEDE. The former shows that 
graduate students, postdoctoral researchers, and undergraduates consistently make up two-thirds of 
the XSEDE user base. The latter table shows XSEDE’s reach into targeted institutional communities, 
including a substantial increase in representation from MSIs and from EPSCoR state institutions. 
Institutions with Campus Champions represent a large portion of usage because this table shows all 
users at Campus Champion institutions, not just those on the champion’s project. The table also shows 
XSEDE’s reach into EPSCoR states, the MSI community, and countries outside the U.S. 
Table 12-2: End of quarter XSEDE open user accounts by type, excluding XSEDE staff. 
Category Q3 2020 Q4 2020 Q1 2021 Q2 2021 
Graduate Student 4,436 4,332 4,753 4,654 
Faculty 2,091 2,089 2,109 2,049 
Postdoctoral 1,208 1,779 1,861 1,801 
Undergraduate Student 1,761 1,218 1,228 1,216 
University Research Staff (excluding postdocs) 602 603 620 620 
High school 95 83 84 92 
Others 985 986 1,036 1,082 
TOTALS 11,178 11,090 11,691 11,514 
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Table 12-3: Active institutions in selected categories. Institutions may be in more than one category. 
Category  Q3 2020 Q4 2020 Q1 2021 Q2 2021 
Campus  
Champions 
Sites 124 128 127 125 
Users 2,131 2,110 2,181 2,146 
% total NUs 54% 52% 54% 54% 
EPSCoR  
states 
Sites 90 93 90 91 
Users 542 586 582 605 
% total NUs 13% 12% 17% 15% 
MSIs Sites 53 50 51 53 
Users 355 376 336 349 
% total NUs 3.4% 3.4% 4.3% 2.5% 
International Sites 80 81 70 80 
Users 117 114 109 128 
% total NUs 4% 4% 3% 2% 
Total Sites 532 528 511 543 
Users 4,214 4,415 4,403 4,296 
 
12.2.1.2. Project and allocation metrics 
Figure 12-3 shows the five-year trend for requests and awards at XSEDE quarterly allocation meetings. 
NUs requested were 1.75x greater than NUs available, and the XRAC recommendations were 
approximately the same as the NUs available. 
 
Figure 12-3: Five-year allocation history, showing NUs requested, awarded, available, and recommended. 
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Figure  showing continued high levels of usage and users from these projects. 
 presents a summary of overall project activity, and Table 12-5 shows projects and activity in key 
project categories as reflected in allocation board type. Note that Science Gateways may appear under 
any board. The Rapid Response project type identifies the projects awarded through the COVID-19 HPC 
Consortium. As a special class of projects, science gateway activity is detailed in Figure  showing 
continued high levels of usage and users from these projects. 
Table 12-4: Project summary metrics. 
Project metric Q3 2020 Q4 2020 Q1 2021 Q2 2021 
XRAC requests 226 223 188 192 
XRAC request success 84% 84% 91% 85% 
XRAC new awards 57 57 36 34 
Startups requested 186 175 163 124 
Startups approved 183 170 171 124 
Projects new 269 235 218 235 
Projects closed 233 313 371 333 
 
Table 12-5: Project activity by allocation board type. 




















projects % NUs 
Campus 
Champions 
150 55 0.2% 147 56 0.2% 138 50 0.2% 142 53 0.3% 
Discretionary 11 6 0.1% 14 7 0.2% 13 7 0.4% 15 8 0.4% 
Educational 205 93 0.5% 188 110 0.8% 168 94 0.4% 179 112 0.7% 
Staff 12 10 0.1% 12 10 1.0% 12 9 0.0% 12 7 0.0% 
Startup 1,077 504 2.4% 1081 474 2.8% 916 483 2.1% 987 456 2.1% 
XRAC 894 801 92.0% 923 814 92.7% 877 840 94.3% 923 829 94.9% 
Rapid Response 93 23 4.8% 99 20 2.2% 71 22 2.6% 51 12 1.6% 
Totals 2,442 1,492 100% 2,464 1,491 100% 2,195 1,505 100% 2309 1477 100% 
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Figure 12-4: Quarterly gateway usage (NUs), jobs submitted, users (reported by ECSS), registered gateways, and active 
gateways. 
12.2.1.3. Resource and usage metrics 
SP systems delivered 81.2 billion NUs in Q2 2021, up from the previous quarter. Table 12-6 breaks out 
the resource activity according to different resource types. The retirement of Bridges Large Memory 
has resulted in no current systems classified as a “Data-intensive Computing” system. Figure  shows the 
total NUs delivered by XSEDE-allocated SP computing systems, as reported to the central accounting 
system over the past five years. While there were fewer systems reporting usage, the NUs delivered 
climbed considerably with the increasing use of Bridges-2 and Expanse. 
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Table 12-6: Resource activity, by type of resource, excluding staff projects. Note: A user will be counted for each type 
of resource used.  
    Q3 2020 Q4 2020 Q1 2021 Q2 2021 
High-performance 
computing 
Resources 6 8 12 9 
Jobs 2,594,153 2,781,507 2,682,889 3,291,687 
Users 3,774 3,938 4,049 3,883 
NUs 49,898,177,007 52,276,172,232 67,712,655,420 79,360,723,856 
Data-intensive 
computing 
Resources 1 1 1  
Jobs 51,958 111,390 7,229  
Users 146 168 102  
NUs 355,199,316 347,788,398 184,974,361  
High-throughput 
computing 
Resources 1 1 n/a n/a 
Jobs 20,338 19,486 n/a n/a 
Users 5 5 n/a n/a 
NUs 843,067,586 971,375,559 n/a n/a 
Cloud system Resources 1 1 1 1 
Jobs 1,059,330 1,456,354 681,207 1,125,403 
Users 512 451 383 470 
NUs 1,645,083,453 1,773,740,857 1,066,466,592 1,873,172,081 
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Figure 12-5: Total XSEDE resource usage in NUs. 
12.2.1.4. Data Services 
XSEDE supports monitoring for the Globus data transfer service for connecting XSEDE service 
providers and external sites. Table 12-7 shows summary metrics and increasing Globus adoption over 
the past five years. Figure  shows the trends in Globus data transfer activity and user adoption over five 
years. 
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Table 12-7: Globus data transfer activity to and from XSEDE endpoints, excluding XSEDE speed page user. 




Files to XSEDE (millions) 69 70 79 159 
TB to XSEDE 2,161 2,977 2,990 3,250 
Files from XSEDE (millions) 44 59 89 134 
TB from XSEDE 2,850 3,057 3,700 2,707 





Files to XSEDE (millions) 3 9 1 1 
TB to XSEDE 148 50 22 99 
Files from XSEDE (millions) 15 5 6 15 
TB from XSEDE 157 145 157 233 





TB to XSEDE 473 894 1,330 1,538 
TB from XSEDE 1,248 1,275 1,534 689 
Campuses 60 51 54 52 
Campus endpoints 97 80 85 76 
To/from 
Campus 
TB to Campuses 23,410 28,286 35,903 27,552 
TB from Campuses 26,462 29,656 35,207 30,251 
Campuses 133 132 125 126 
Campus endpoints 415 401 378 363 
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Figure 12-6: Top: Aggregate Globus file and data transfer activity to and from XSEDE endpoints. Bottom: Numbers of active 
Globus users and campuses moving data to and from XSEDE endpoints. 
12.2.2. Other Metrics 
For previous year’s metrics, please refer to the XSEDE Project-wide KPIs & Metrics wiki page.  
12.2.2.1. Community Engagement & Enrichment (WBS 2.1) (Gaither) 
RY6 Metrics 
 
RP1 RP2 RP3 RP4 Total 
Number of sustained users of XSEDE resources 
and services via the portal (Project KPI) 4,500/qtr 5,148     
Number of sustained underrepresented 
individuals using XSEDE resources and 
services via the portal (Project KPI) 
1,750/yr 1,009     
Number of new users of XSEDE resources and 
services via the portal (Project KPI) 2,500/qtr 1,603     
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Number of new underrepresented individuals 
using XSEDE resources and services via the 
portal (Project KPI) 
250/qtr 181     
Number of participant hours of live training 
delivered by XSEDE (Project KPI) 45,000/yr 16,315     
Number of students benefiting from XSEDE 
resources and services through training, 
XSEDE projects, or conference attendance 
(Area KPI) 
2,000/qtr 2,298     
Number of underrepresented students 
benefiting from XSEDE resources and services 
through training, XSEDE projects, or 
conference attendance (Area KPI)1 
650/qtr 775     
Grand (aggregate) mean rating of Post Training 
Event Survey items related to training impact 
for attendees registered through the portal (1-
5 Likert scale) (Area KPI) 
4.4 of 5/qtr 4.5     
Number of institutions with a Champion (Area 
KPI) 345 344     
Percentage of user requirements addressed 
within 30 days (Area KPI) 98%/qtr 100 (11/11)    
 
1 The reporting of underrepresented students is no longer being reported as a percentage, but instead as a number as of RP4. 
The use of percentages does not provide the appropriate lens for understanding our progress in engaging underrepresented 
students. 
 
12.2.2.1.1. Workforce Development (WBS 2.1.2) (Akli) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of unique attendees, synchronous 
training 1,200/yr 871     
Number of total attendees, synchronous 
training  
(One person can take several classes) 
1,400/yr 1,063     
Number of unique attendees, asynchronous 
training 1,200/yr 118     
Number of total attendees, asynchronous 
training (One person can take several 
classes) 
4,000/yr 274     
Grand (aggregate) mean rating of Post 
Training Event Survey items related to 
training impact for attendees registered 
through the portal (1-5 Likert scale) (Area 
KPI) 
4.4 of 5 4.5     
Number of formal degree, minor, and 
certificate programs added to the curricula 3/yr 0     
Number of materials contributed to public 
repository 50/yr 12     
Number of materials downloaded from the 
repository 
62,000/ 
yr 18,737     
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RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of students benefiting from XSEDE 
resources and services through training, 
XSEDE projects, or conference attendance 
(Area KPI) 
2,000/ 
qtr 2,298     
Number of underrepresented students 
benefiting from XSEDE resources and 
services through training, XSEDE projects, or 
conference attendance (Area KPI)1 
650/qtr 775     
1 The reporting of underrepresented students is no longer being reported as a percentage, but instead as a number as of RP4. 
The use of percentages does not provide the appropriate lens for understanding our progress in engaging underrepresented 
students. 
 
12.2.2.1.2. User Engagement (WBS 2.1.3) (Snead) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Percentage of active and new PIs contacted 
quarterly 100% 100 (973)   
  
Percentage of user requirements addressed 
within 30 days (Area KPI) 98%/qtr 
100 
(11/11)     
Number of responses to PI emails each 
quarter  46   
  
Number of responses to each microsurvey  NA1     
Number of annual user satisfaction survey 
respondents interviewed  NA
2     
Number of XSEDE-wide tickets  13     
Number of XSEDE-wide tickets addressed  13     
1 No microsurveys this reporting period.  
2 Survey report not yet available. 
 
12.2.2.1.3. Broadening Participation (WBS 2.1.4) (Akli) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of new underrepresented 
individuals using XSEDE resources and 
services via the portal (Project KPI) 
250/qtr 181     
Number of sustained underrepresented 
individuals using XSEDE resources and 
services via the portal (Project KPI)1 
1,750/yr 1,009     
1The total for this KPI does not equal the sum of the data from each reporting period because one person could be counted as a 
sustained individual in more than one reporting period if they continue to log in for multiple reporting periods; however, they 
will only be counted once in the total. 
 
12.2.2.1.4. User Interfaces & Online Information (WBS 2.1.5) (Dahan) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of new users of XSEDE resources 
and services via the portal (Project KPI) 
2,500/ 
qtr 1,603   
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Number of sustained users of XSEDE 
resources and services via the portal 
(Project KPI)1 
4,500/ 
qtr 5,148   
  
Number of pageviews to the XSEDE website  80,000/ qtr 40,416   
  
Number of pageviews to the XSEDE User 
Portal  
250,000/
qtr 232,547   
  
User satisfaction with website (1-5 Likert 
scale) 4 of 5 -     
User satisfaction with User Portal (1-5 
Likert scale) 4 of 5 
-     
User satisfaction with user documentation 
(1-5 Likert scale) 4 of 5     
 
1 The total for this KPI does not equal the sum of the data from each reporting period because one person could be counted as a 
sustained user in more than one reporting period if they continue to log in for multiple reporting periods; however, they will 
only be counted once in the total. 
-No data this reporting period 
12.2.2.1.5. Campus Engagement (WBS 2.1.6) (Neeman, Brunson) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of Institutions with a Champion 
(Area KPI) 345 344     
Number of unique contributors to the 
Champion email list 
(campuschampions@xsede.org) 
125/yr 109     
Number of activities that (i) expand the 
emerging CI workforce and/or (ii) improve 
the extant CI workforce, participated in by 
members of the Campus Engagement team 
40/yr 110     
12.2.2.2. Extended Collaborative Support Services (WBS 2.2) (Blood, Sinkovits) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Percentage of sustained allocation users 
from non-traditional disciplines of XSEDE 
resources and services (Project KPI) 
33%/yr 24.4     
Percentage of new allocation users from 
non-traditional disciplines of XSEDE 
resources and services (Project KPI) 
35%/yr 30.9     
Number of completed ECSS projects 
(ESRT + ESCC + ESSGW) (Area KPI) 
50/yr 24     
Grand (aggregate) mean rating of ECSS 
impact by PIs measured by ECSS Project Exit 
Survey items (1-5 Likert scale)(Area KPI) 
4 of 5/yr 4.0     
Grand (aggregate) mean rating of PI 
satisfaction with ECSS support measured by 
ECSS Project Exit Survey items (1-5 Likert 
scale) (Area KPI) 
4.5 of 5/yr 4.3     
Average estimated months saved due to 
ECSS support 
12 mo/ 
project 15.5     
 
RY6 IPR15 Page 106 
12.2.2.2.1. Extended Support for Research Teams (WBS 2.2.2) (Crosby) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of completed ESRT projects 32/yr 15     
Average ESRT impact rating (1-5 Likert 
scale) 4 of 5/yr 3.7  
   
Average satisfaction with ESRT support (1-5 
Likert scale) 4.5 of 5/yr 3.7  
   
Number of projects initiated  6     
Number of projects discontinued  1     
Number of PI interviews  3     
Number of active projects  24     
Average estimated months saved due to ESRT 
support 
12 mo/ 
project 15     
 
12.2.2.2.2. Novel & Innovative Projects (WBS 2.2.3) (Sanielevici) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of new users from non-traditional 
disciplines of XSEDE resources and services 500/yr 108     
Number of sustained users from non-
traditional disciplines of XSEDE resources 
and services 
1900/qtr 1992     
Number of new XSEDE projects from target 
communities generated by NaIP 30/qtr 30     
Number of successful XSEDE projects from 
target communities mentored by NaIP 25/qtr 32     
 
12.2.2.2.3. Extended Support for Community Codes (WBS 2.2.4) (Koesterke) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of completed ESCC projects 9/yr 0     
Average ESCC impact rating (1-5 Likert 
scale) 4 of 5/yr 4.5     
Average satisfaction with ESCC support (1-5 
Likert scale) 4.5 of 5/yr 5.0     
Number of projects initiated  0     
Number of projects discontinued  0     
Number of active projects  2     
Number of PI interviews  2     
Average estimated months saved due to ESCC 
support 
12 mo/ 
project 21     
-There were no ESCC PI interviews conducted this reporting period to generate impact and satisfaction scores and an estimate 
of months saved.  
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12.2.2.2.4. Extended Support for Science Gateways (WBS 2.2.5) (Quick) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of completed ESSGW projects 14/yr 9     
Average ESSGW impact rating (1-5 Likert 
scale) 4 of 5/yr 4.0     
Average satisfaction with ESSGW support (1-
5 Likert scale) 4.5 of 5/yr 4.5     
Number of projects initiated  1     
Number of projects discontinued  0     
Number of active projects  19     
Number of PI interviews  2     
Currently Registered Production Gateways  57     
Average estimated months saved due to 
ESSGW support 
12 mo/ 
project 10.5     
-New metric for RP2 
* There were no ESCC PI interviews conducted this reporting period to generate impact and satisfaction scores and an 
estimate of months saved. 
 
12.2.2.2.5. Extended Support for Education Outreach, & Training (WBS 2.2.6) (Alameda) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of Campus Champions fellows 4/yr -     
Number of live training events staffed 10/yr 7     
Number of staff training events 2/yr 2     
Attendees at staff training events 40/yr 56     
Staff training contact hours  2     
Staff training attendee hours  56     
Attendees at ECSS Symposia 300/yr 45     
Live training event contact hours  26.25     
Live training event attendees  207     
Live training even attendee hours  1040     
Requests for service  13     
Training modules reviewed  1     
Training modules produced  2     
Meetings and BoFs  12     
Mentoring  16     
Talks and presentations  8     
Education proposals reviewed  24     
- Data reported annually.  
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12.2.2.3. XSEDE Cyberinfrastructure Integration (WBS 2.3) (Lifka) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Total number of capabilities in production 
(Project KPI) 
123/by end of 
RY6 121     
Grand (aggregate) mean rating of XSEDE 
User Survey user satisfaction items 
regarding XCI software and technical 
services, capabilities, and resources (1-5 
Likert scale)8 
4/5 4.1     
Grand (aggregate) mean rating of XSEDE 
User Survey Service Provider satisfaction 
items regarding XCI software and technical 
services, capabilities, and resources (1-5 
Likert scale)8 
4/5 4.4     
Number of non-XSEDE partnerships with 
XCI (Area KPI) 14/yr 14     
Mean time to issue resolution (Area KPI) <10 days/qtr 2.8     
Number of new capabilities made available 
for production deployment 7/yr 3
     
Total number of systems that use one or 
more CRI provided toolkit 
1,500 by the 
end of RY6 
 
2,419     
Percentage of Level 1 SPs that fully 
incorporate all of the recommended tools 
from the XSEDE Community Repository  
100% 77.8     
Percentage of Level 2 SPs that allocate 
resources through XSEDE that fully 
incorporate all of the recommended tools 
from the XSEDE Community Repository  
100% 100     
Percentage of Level 2 SPs that do not 
allocate resources through XSEDE that fully 
incorporate all of the recommended tools 
from the XSEDE Community Repository  
100% 802     
Percentage of Level 3 SPs that fully 
incorporate all of the recommended tools 
from the XSEDE Community Repository 
100% 67.83     
*-Data reported annually. 
1 7 of 9 resources have an entry in RDR. Jetstream2 and Delta are yet to begin production. 
2 4 of 5 have all the required tools installed: RDR entry and information publishing framework. 
3 19 of 26 have the required RDR entry. 
12.2.2.3.1. Requirements Analysis & Capability Delivery (WBS 2.3.2) (Navarro) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of capability delivery plans (CDPs) 
prepared for UREP prioritization 8/yr 0  
   
Number of CI integration assistance 
engagements 6/qtr 8     
Average time from support request to 
solution 
10 days or 
less 2.8     
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RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of new components instrumented 
and tracked for usage and ROI analysis 4/yr 0     
Number of significant fixes and 
enhancements to production components 40/yr 9     
Number of maintenance releases and 
upgrades delivered of service provider 
software 
4/yr 3     
Number of fixes and enhancements to 
centrally operated services 36/yr 6     
 
12.2.2.3.2. Cyberinfrastructure Resource Integration (WBS 2.3.3) (Knepper) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Total number of systems that use one or 
more CRI provided toolkits 
2500 by 
end of RY6 2,419     
Total number of repository subscribers to 
CRI cluster and laptop toolkits 
150 by end 
of RY6 123     
Aggregate number of TeraFLOPS of cluster 
systems using CRI toolkits 
1,500 by 
end of RY6 1,121     
Total number of partnership interactions 
between CRI and SPs, national CI 
organizations, and campus CI providers 
12/yr 6     
Toolkit updates 4/yr 2     
New Toolkits released 1/yr 0     
Average time from support request to 
solution <14 days 1     
 
12.2.2.4. XSEDE Operations (WBS 2.4) (Peterson) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Average composite availability of core 
services (geometric mean of critical 
services and XRAS) (Project KPI) 
99.9%/qtr 99.9     
Hours of downtime WITH direct user 
impacts from an XSEDE security incident 
(Area KPI) 
0 hrs/qtr 0     
Mean time to ticket resolution by XOC and 
WBS ticket queues (hrs) (Project KPI) <16 hrs/qtr 14.6     
Mean rating of user satisfaction with 
tickets closed by the XOC (1-5 Likert 
scale) (Area KPI) 
4.5 of 5/qtr 4.7     
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12.2.2.4.1. Cybersecurity (WBS 2.4.2) (Withers, Simmel)  
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Hours of downtime with direct user 





0     
Hours of downtime WITHOUT direct user 
impacts from an XSEDE (affects central 
service or multiple SPs) security incident 
< 24 hrs 0     
XSEDE account exposures < 10 0     
Time, beyond 24 hours, to disable XSEDE 
accounts 0 hrs 0     
 
12.2.2.4.2. Data Transfer Services (WBS 2.4.3) (Wheeler) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Performance (Gbps) of instrumented, 
intra-XSEDE transfers > 1GB >3.0 Gbps 3.07   
  
New services added  0     
Services retired  0     
Total Globus Online users  681     
Total new Globus Online users  223     
Total transfers (Million) inbound  159     
Total transfers (Million) outbound  134     
Size of transfers (TBs) inbound  3,250     
Size of transfers (TBs) outbound  2,707     
Total number of days in which any 
Network Interface error occurred  0     
XSEDEnet maximum bandwidth used 
(Gbps)  97.9     
 
12.2.2.4.3. XSEDE Operations Center (WBS 2.4.4) (Hendricks) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Mean time to resolution in XOC queue 
(hrs) < 1 hr 
.19     
Mean time to ticket resolution by XOC and 
WBS ticket queues (hrs) (Project KPI) < 16 hrs 
14.6     
User satisfaction with tickets closed by 
the XOC (1-5 Likert scale) (Area KPI) 4.5 of 5 
4.7     
Mean time to resolution in WBS queue   35.9     
Number of Support tickets opened for 
WBS queues  
331     
Number of Support tickets closed by WBS 
queues  
267     
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RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Number of Support tickets opened for 
XOC  
393     
Number of Support tickets closed by XOC  393     
Mean time to first response by XOC (hrs)  .15     
 
12.2.2.4.4. System Operations Support (WBS 2.4.5) (Rogers) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Average availability of critical enterprise 
services (%) [geometric mean] (Project 
KPI) 
99.9% 99.9     
Average availability of core enterprise 
services (%) 99.9% 99.9     
Total enterprise services  47     
Core enterprise services  8     
Services added/subtracted  0     
 
12.2.2.5. Resource Allocation Service (WBS 2.5) (Hart) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Mean rating of user satisfaction with 
allocations process (1-5 Likert scale) (Area 
KPI) 
4 of 5/qtr 4.22     
Mean rating of user satisfaction with XRAS 
(1-5 Likert scale)(Area KPI)1 4 of 5/qtr 4.05     
Mean rating of user satisfaction with 
allocations process and support services (1-
5 Likert scale)(Project KPI)1 
4 of 5/yr 4.13     
Percentage of research requests successful 
(not rejected) (Project KPI) 85%/qtr 85.4     
 
12.2.2.5.1. XSEDE Allocations Process & Policies (WBS 2.5.2.) (Hackworth) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
User satisfaction with allocations process (1-
5 Likert scale) (Area KPI) 4 of 5 4.22     
Average time to process Startup requests  14 calendar 
days or 
less/qtr 
7.78     
Percentage of XRAC-recommended NUs 
allocated  100% 130
     
Percentage of research requests successful 
(not rejected) (Project KPI) 85%/qtr 85.4     
Continuous allocation requests processed  761     
Research allocation requests processed  192     
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12.2.2.5.2. Allocations, Accounting, & Account Management CI (WBS 2.5.3) (Tolbert) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
User satisfaction with XRAS system (1-5 
Likert scale) (Area KPI) 4 of 5 4.05     
Availability of the XRAS systems 99.9% 99.9     
Number of XRAC client organizations  7     
12.2.2.6. Program Office (WBS 2.6) (Payne)  
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Grand (aggregate) mean rating of XSEDE User 
Survey awareness items regarding XSEDE 
resources and services (1-5 Likert scale) 
(Project KPI) 
3.7 of 5 / yr 3.6     
Number of social media impressions over 
time (Project KPI) 
424,000 / 
yr 91,770     
Grand (aggregate) mean of XSEDE User 
Survey satisfaction items regarding XSEDE 
technical support services (1-5 Likert scale) 
(Project KPI) 
3.5 of 5/yr 4.4     
Percentage of users who indicate the use of 
XSEDE-managed and/or XSEDE-associated 
resources in the creation of their work 
product (Project KPI) 
80/yr 88     
Mean rating of importance of XSEDE 
resources and services to researcher 
productivity (1-5 Likert scale) (Project KPI) 
4.4 of 5/yr 4.2     
Percentage of Project Improvement Fund 
funded projects resulting in innovations in 
the XSEDE organization (Project KPI) 
70%/yr -     
Mean rating of innovation within the 
organization by XSEDE staff (1-5 Likert scale) 
(Project KPI) 
4 of 5/yr -     
Variance between relevant report submission 
and due date (days) (Area KPI) 0 days 0     
Percentage of sub-award invoices processed 
within target duration (Area KPI) 90%/qtr 100 
    
Percentage of recommendations addressed 
by relevant project areas within 90 days 
(Area KPI) 
90% NA     
Grand (aggregate) mean of Staff Climate 
Study satisfaction items regarding content 
and accessibility of the XSEDE Staff Wiki (1-5 
Likert scale) (Area KPI) 
3.9 of 5/yr -     
Number of staff publications (Area KPI) 40/yr 12     
Grand (aggregate) mean of Staff Climate 
Study awareness items regarding inclusion in 
XSEDE (1-5 Likert scale) (Area KPI) 
4.1/yr -     
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RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Grand (aggregate) mean of Staff Climate 
Study awareness items regarding equity in 
XSEDE (1-5 Likert scale) (Area KPI) 
4.0/yr -     
Number of XSEDE-related media hits (Area 
KPI) 600/yr 131     
- Data reported annually. 
1 Updated as the value was previously miscalculated. 
2 No recommendations received during this reporting period. 
 
12.2.2.6.1. External Relations (WBS 2.6.2) (Meek) 
RY6 Metrics  RP1 RP2 RP3 RP4 Total 
Number of social media impressions over time (Project KPI) 424,000/yr 91,770      
Number of XSEDE-related media hits (Area KPI) 600/yr 313     
Monthly open rate of XSEDE’s newsletter 32.0% 23%     
Monthly click-through rate of XSEDE’s newsletter 3% 9.3%     
 
12.2.2.6.2. Project Management, Reporting, & Risk Management (WBS 2.6.3) (Froeschl) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Variance, in days, between relevant report 
submission and due date (Area KPI) 
0 
days/report 0     
Grand (aggregate) mean rating of Staff 
Climate Study satisfaction items regarding 
content and accessibility of the XSEDE Staff 
Wiki (1-5 Likert scale) (Area KPI) 
3.9 of 5/yr -     
 Percentage of risks reviewed  100% 100     
 Number of total risks  177     
 Number of active risks  147     
 Number of new risks  0     
 Number of risks triggered  4     
 Number of risks retired  0     
 Number of PCRs submitted  8     
 …KPI/Metrics  2     
 …Technical  0     
 …Scope  0     
 …Budget  6     
 …Staff  0     
 …Other  0     
- Data reported annually. 
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12.2.2.6.3. Business Operations (WBS 2.6.4) (Payne) 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Percentage of subaward invoices processed 
within target duration (Area KPI) 90%/qtr 100 
    
 
12.2.2.6.4. Strategic Planning, Policy, Evaluation & Organizational Improvement (WBS 2.6.5) (Payne) 
 
RY6 Metrics Target RP1 RP2 RP3 RP4 Total 
Grand (aggregate) mean rating of XSEDE 
User Survey awareness items regarding 
XSEDE resources and services (1-5 Likert 
scale) (Project KPI) 
3.7 of 5 / yr 3.6     
Grand (aggregate) mean rating of XSEDE 
User Survey satisfaction items regarding 
XSEDE technical support services (1-5 Likert 
scale) (Project KPI) 
3.5 of 5/yr 4.4     
Percentage of users who indicate the use of 
XSEDE-managed and/or XSEDE-associated 
resources in the creation of their work 
product1 (Project KPI) 
80%/yr 88     
Mean rating of importance of XSEDE 
resources and services to researcher 
productivity (1-5 Likert scale) (Project KPI) 
4.4 of 5/yr 4.2     
Percentage of Project Improvement Fund 
proposals resulting in innovations in the 
XSEDE organization (Project KPI) 
70%/yr -     
Mean rating of innovation within the 
organization by XSEDE staff (1-5 Likert 
scale) (Project KPI) 
4 of 5/yr -     
Percentage of recommendations addressed 
by relevant project areas within 90 days 
(Area KPI) 
90% NA     
Number of staff publications (Area KPI) 40/yr 12     
Grand (aggregate) mean of Staff Climate 
Study awareness items regarding inclusion 
in XSEDE (1-5 Likert scale) (Area KPI) 
4.1/yr -     
Grand (aggregate) mean of Staff Climate 
Study awareness items regarding equity in 
XSEDE (1-5 Likert scale) (Area KPI) 
4.0/yr -     
- Data reported annually. 
1 No recommendations received during this reporting period. 
 
 Scientific Impact Metrics (SIM) and Publications Listing 
This appendix presents the current Scientific Impact Metrics data as of July 31 of year 2021. This is 
part of the XD Metrics Service (XMS) (formerly NSF Technology Audit Service (TAS)) effort. 
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12.3.1. Summary Impact Metrics  
Table SIM-1 shows the essential scientific summary impact metrics as of July 31 of year 2021. The 
increasing values for each metric are listed in the table indicating the changes during the last 
quarter. By calculating such metrics periodically we can show the trends, as depicted in Figure SIM-
2 and Figure SIM-3. Both show steadily increasing trends. 
 















(TG+XD) 20,485 12,309 790,222 291 523 
Since 2011 
(XD) 17,919 10,246 572,787 244 422 
Change since 
last quarter 
(TG+XD) +546 +553 +45,115 +10 +15 
Change since 
last quarter 
(XD) +544 +547 +41,023 +11 +17 
* Data updated as of July 31st, 2021 
 
 
12.3.2. Historical Trend 
Figure SIM-2 and SIM-3 show the increasing quarterly trend regarding publications, citations, and 
other impact metrics such as H-Index and G-Index. Both suggest the increasing impact of XSEDE 
during the past years, based on verified unique publication count; citation count; H-index and G-
index. 
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Figure SIM-2. Counts of all externally verified publications for TG/XD (since 2005) and XD (since 2011) 




Figure SIM-3. Accumulated citation count (line, left axis) as well as h-index and g-index metrics (bar, 
right axis) for TG/XD (since 2005) and XD (since 2011). 
 
12.3.3. Publications Listing 
shows the number of publications, conference papers, and presentations reported by XSEDE users each 
quarter, including the 517 reported by 161 projects in Q2 2021; these publications are listed below 
according to allocated project. Starting with the December 2017 XRAC meeting, all submitters must add 
publications to their user profiles in the XSEDE User Portal, which may have contributed to the decline 
beginning at the end of 2017. 
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Figure  shows the number of publications, conference papers, and presentations reported by XSEDE 
users each quarter, including the 517 reported by 161 projects in Q2 2021; these publications are listed 
below according to allocated project. Starting with the December 2017 XRAC meeting, all submitters 
must add publications to their user profiles in the XSEDE User Portal, which may have contributed to 
the decline beginning at the end of 2017. 
 
Figure 12-7: Publications, conference papers, and presentations reported by XSEDE users. 
12.3.3.1. XSEDE Staff Publications 
XSEDE staff reported 12 publications from May to July 2021. 11 publications were reported via staff 
members’ XSEDE User Portal user profiles, and one was published by staff in the XSEDE Digital Object 
Repository (XDOR). 
1. Kucukyildirim S, Behringer M, Sung W, Brock DA, Doak TG, Mergen H, Queller DC, Strassmann JE, Lynch M. Low Base-
Substitution Mutation Rate but High Rate of Slippage Mutations in the Sequence Repeat-Rich Genome of Dictyostelium 
discoideum. G3 (Bethesda). 2020 Sep 2;10(9):3445-3452. doi: 10.1534/g3.120.401578. PMID: 32732307; PMCID: 
PMC7466956. 
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2. Li, C., X. Chen, W. Zheng, T. G. Doak, G. Fan, W. Song, and Y. Yan (2021), Chromosome organization and gene expansion 
in the highly fragmented genome of the ciliate Strombidium stylifer, Journal of Genetics and Genomics, 
doi:10.1016/j.jgg.2021.05.014. (published) 
3. Ma, J. et al. (2021), The Connect.Cyberinfrastructure Portal, Practice and Experience in Advanced Research 
Computing, doi:10.1145/3437359.3465606. (published) 
4. Neeman, H. et al. (2021), An Evaluation of Cyberinfrastructure Facilitators Skills Training in the Virtual Residency 
Program, Practice and Experience in Advanced Research Computing, doi:10.1145/3437359.3465560. (published) 
5. Norman, M. et al. (2021), CloudBank: Managed Services to Simplify Cloud Access for Computer Science Research and 
Education, Practice and Experience in Advanced Research Computing, doi:10.1145/3437359.3465586. (published) 
[SDSC] 
6. Schmitz, P., S. Yockel, C. Mizumoto, T. Cheatham, and D. Brunson (2021), Advancing the Workforce that Supports 
Computationally and Data Intensive Research, Computing in Science & Engineering, 1–1, 
doi:10.1109/mcse.2021.3098421. (published) 
7. Stamboulian, M., T. G. Doak, and Y. Ye (2020), A Tree of Human Gut Bacterial Species and its Applications to 
Metagenomics and Metaproteomics Data Analysis, , doi:10.1101/2020.09.24.311720. (published) 
8. Stubbs, J. et al. (2021), Common Resource Descriptions for Interoperable Gateway Cyberinfrastructure, Practice and 
Experience in Advanced Research Computing, doi:10.1145/3437359.3465576. (published) [Science Gateways] 
9. Tipei, S., A. B. Craig, and P. F. Rodriguez (2021), Using High-Performance Computers to Enable Collaborative and 
Interactive Composition with DISSCO, Multimodal Technologies and Interaction, 5(5), 24, doi:10.3390/mti5050024. 
(published) [Comet, ECSS, NaIP, SDSC] 
10. Vaillancourt, P. Z., J. E. Coulter, R. Knepper, and B. Barker (2020), Self-Scaling Clusters and Reproducible Containers to 
Enable Scientific Computing, 2020 IEEE High Performance Extreme Computing Conference (HPEC), 
doi:10.1109/hpec43674.2020.9286208. (published) [IU, Jetstream] 
11. XSEDE (2021), XSEDE Allocations Practices and Procedures Version 1.1, http://hdl.handle.net/2142/110005. 
12. Zheng, W., J. Chen, T. G. Doak, W. Song, and Y. Yan (2020), ADFinder: accurate detection of programmed DNA 
elimination using NGS high-throughput sequencing data, edited by I. Birol, Bioinformatics, 36(12), 3632–3636, 
doi:10.1093/bioinformatics/btaa226. (published) 
12.3.3.2. Publications from XSEDE Users 
The following publications were submitted by users to their XSEDE User Portal profiles in Q2 2021. Most 
publications are associated with submissions to the June 2021 XRAC meeting, while some may be from 
Startup or other projects. The publications are organized by the proposal with which they were 
associated.  
This quarter, 161 projects identified 517 publications and other products that were published, in press, 
accepted, submitted, or in preparation. Because these publications are submitted by users and not 
manually verified by XSEDE staff, there is a small chance of data entry error. 
1. TG-ASC160018, TG-ASC200002 
1. Ranjan, R., Feng, Y., Chronopolous, A. 2016. Augmented stabilized and Galerkin least squares formulations. 
(published) [Stampede] 
2. TG-ASC170024 
2. Jena, R., Singla, S., Batmanghelich, K. 2021. Self-Supervised Vessel Enhancement Using Flow-Based Consistencies. 
(published) [Bridges GPU, PSC] 
3. Singla, S., M. Gong, C. Riley, F. Sciurba, and K. Batmanghelich (2021), Improving clinical disease subtyping and future 
events prediction through a chest CT‐based deep learning approach, Medical Physics, 48(3), 1168–1181, 
doi:10.1002/mp.14673. (published) [Bridges GPU, Bridges Regular, PSC, Pylon] 
4. Singla, S., Pollack, B., Wallace, S., Batmanghelich, K. 2021. Explaining the Black-box Smoothly- A Counterfactual 
Approach. (published) [Bridges GPU, PSC] 
5. Sun, L., Chen, J., Xu, Y., Gong, M., Yu, K., et al. 2021. Hierarchical Amortized Training for Memory-efficient High 
Resolution 3D GAN. (published) [Bridges GPU, Bridges Regular, PSC] 
6. Sun, L., Yu, K., Batmanghelich, K. 2020. Context Matters: Graph-based Self-supervised Representation Learning for 
Medical Images. (published) [Bridges GPU, PSC] 
7. Yu, X., Liu, T., Gong, M., Zhang, K., Batmanghelich, K., et al. 2020. Label-Noise Robust Domain Adaptation. Proceedings 
of the 37th International Conference on Machine Learning. 119. 10913--10924. 
http://proceedings.mlr.press/v119/yu20c.html . (published) [Bridges GPU, PSC] 
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3. TG-ASC170063 
8. Nijkamp, E., Pang, B., Wu, Y. 2021. SCRIPT: Self-Critic Pretrain- ing of Transformers.. NAACL (Mexico City). (accepted) 
4. TG-ASC180018 
9. Xie, J., Yifei Xu, ., Zilong Zheng, ., Song-Chun Zhu, ., Ying Nian Wu, . 2021. Generative PointNet: energy-based learning 
on unordered point sets for 3D generation, reconstruction and classification. Proceedings of the IEEE Conference on 
Computer Vision and Pattern Recognition (CVPR). (published) [Comet, SDSC] 
10. Xie, J., Zheng, Z., Fang, X., Zhu, S., Wu, Y. 2021. Cooperative Training of Fast Thinking Initializer and Slow Thinking 
Solver for Conditional Learning. (published) [Comet, SDSC] 
11. Xie, J., Zheng, Z., Fang, X., Zhu, S., Wu, Y. 2021. Learning cycle-consistent cooperative networks via alternating MCMC 
teaching for unsupervised cross-domain translation. Proceedings of The Thirty-Fifth AAAI Conference on Artificial 
Intelligence (AAAI). (published) [Comet, SDSC] 
12. Xie, J., Zheng, Z., Gao, R., Wang, W., Zhu, S., et al. 2020. Generative VoxelNet: learning energy-based models for 3D 
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450. Sirunyan, A. M. et al. (2020), Measurements with silicon photomultipliers of dose-rate effects in the radiation damage 
of plastic scintillator tiles in the CMS hadron endcap calorimeter, Journal of Instrumentation, 15(06), P06009–
P06009, doi:10.1088/1748-0221/15/06/p06009. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, 
IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
451. Sirunyan, A., others, . 2020. Search for singly and pair-produced leptoquarks coupling to third-generation fermions in 
proton-proton collisions at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, 
Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
452. Sirunyan, A. M. et al. (2020), Measurement of the Y(1S) pair production cross section and search for resonances 
decaying to Y(1S)μ+μ− in proton-proton collisions at s=13TeV, Physics Letters B, 808, 135578, 
doi:10.1016/j.physletb.2020.135578. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, 
Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
453. Sirunyan, A. M. et al. (2020), A measurement of the Higgs boson mass in the diphoton decay channel, Physics Letters 
B, 805, 135425, doi:10.1016/j.physletb.2020.135425. (published) [Bridges Large, Bridges Regular, Comet, Data 
Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
454. Sirunyan, A., others, . 2021. Hard color-singlet exchange in dijet events in proton-proton collisions at sqrt(s)=13 TeV. 
(published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, 
Stampede2, TACC] 
455. Sirunyan, A., others, . 2021. Observation of a new excited beauty strange baryon decaying to Xi-b pi+ pi-. (published) 
[Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
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456. Sirunyan, A., others, . 2021. Evidence for X(3872) in PbPb collisions and studies of its prompt production at 
sqrt(sNN)= 5.02 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, 
Ranch, SDSC, Stampede2, TACC] 
457. Sirunyan, A., others, . 2021. Study of Drell-Yan dimuon production in proton-lead collisions at sqrt(sNN)= 8.16 TeV. 
(published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, 
Stampede2, TACC] 
458. Sirunyan, A., others, . 2021. High precision measurements of Z boson production in PbPb collisions at sqrt(sNN) = 
5.02 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, 
SDSC, Stampede2, TACC] 
459. Sirunyan, A. M. et al. (2021), Measurement of the CP-violating phase ϕs in the Bs0→J/ψϕ(1020)→μ+μ−K+K− channel 
in proton-proton collisions at s=13TeV, Physics Letters B, 816, 136188, doi:10.1016/j.physletb.2021.136188. 
(published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, 
Stampede2, TACC] 
460. Sirunyan, A. M. et al. (2021), Measurement of the inclusive and differential Higgs boson production cross sections in 
the leptonic WW decay mode at $$ \sqrt{s} $$ = 13 TeV, Journal of High Energy Physics, 2021(3), 
doi:10.1007/jhep03(2021)003. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, 
PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
461. Sirunyan, A. M. et al. (2021), Search for the lepton flavor violating decay τ → 3μ in proton-proton collisions at $$ 
\sqrt{\mathrm{s}} $$ = 13 TeV, Journal of High Energy Physics, 2021(1), doi:10.1007/jhep01(2021)163. (published) 
[Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
462. Sirunyan, A., others, . 2021. Search for dark matter produced in association with a leptonically decaying Z boson in 
proton-proton collisions at sqrt(s)=13 TeV. DOI:10.1140/epjc/s10052-020-08739-5. (published) [Bridges Large, 
Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
463. Sirunyan, A., others, . 2021. Search for top squark pair production using dilepton final states in pp collision data 
collected at sqrt(s)=13 TeV. DOI:10.1140/epjc/s10052-020-08701-5. (published) [Bridges Large, Bridges Regular, 
Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
464. Sirunyan, A. M. et al. (2021), Evidence for electroweak production of four charged leptons and two jets in proton-
proton collisions at s=13TeV, Physics Letters B, 812, 135992, doi:10.1016/j.physletb.2020.135992. (published) 
[Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
465. Sirunyan, A., others, . 2021. Measurement of differential ttbar production cross sections using top quarks at large 
transverse momenta in pp collisions at sqrt(s)=13 TeV. DOI:10.1103/PhysRevD.103.052008. (published) [Bridges 
Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
466. Sirunyan, A., others, . 2021. Measurements of pp –> ZZ production cross sections and constraints on anomalous triple 
gauge couplings at sqrt(s)=13 TeV. DOI:10.1140/epjc/s10052-020-08817-8. (published) [Bridges Large, Bridges 
Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
467. Sirunyan, A., others, . 2021. Measurements of production cross sections of polarized same-sign W boson pairs in 
association with two jets in proton-proton collisions at sqrt(s)=13 TeV. DOI:10.1016/j.physletb.2020.136018. 
(published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, 
Stampede2, TACC] 
468. Sirunyan, A. M. et al. (2021), Search for dark photons in Higgs boson production via vector boson fusion in proton-
proton collisions at $$ \sqrt{s} $$ = 13 TeV, Journal of High Energy Physics, 2021(3), doi:10.1007/jhep03(2021)011. 
(published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, 
Stampede2, TACC] 
469. Sirunyan, A. M. et al. (2021), Search for nonresonant Higgs boson pair production in final states with two bottom 
quarks and two photons in proton-proton collisions at $$ \sqrt{s} $$ = 13 TeV, Journal of High Energy Physics, 
2021(3), doi:10.1007/jhep03(2021)257. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, 
Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
470. Sirunyan, A. M. et al. (2021), Search for new physics in top quark production with additional leptons in proton-proton 
collisions at $$ \sqrt{s} $$ = 13 TeV using effective field theory, Journal of High Energy Physics, 2021(3), 
doi:10.1007/jhep03(2021)095. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, 
PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
471. Sirunyan, A., others, . 2021. Measurement of Wgamma production cross section in proton-proton collisions at 
sqrt(s)=13 TeV and constraints on effective field theory coefficients. (published) [Bridges Large, Bridges Regular, 
Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
472. Sirunyan, A., others, . 2021. Measurements of the differential cross sections of the production of Z+jets and 
gamma+jets and of Z boson emission collinear with a jet in pp collisions at sqrt(s)=13 TeV. (published) [Bridges 
Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
473. Sirunyan, A., others, . 2021. Performance of the CMS muon trigger system in proton-proton collisions at sqrt(s)=13 
TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, 
Stampede2, TACC] 
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474. Sirunyan, A., others, . 2021. Search for top squarks in final states with two top quarks and several light-flavor jets in 
proton-proton collisions at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, 
Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
475. Sirunyan, A., others, . 2021. In-medium modification of dijets in PbPb collisions at sqrt(sNN=5.02 TeV. (published) 
[Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
476. Sirunyan, A., others, . 2021. Search for a heavy vector resonance decaying to a Z boson and a Higgs boson in proton-
proton collisions at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, 
Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
477. Sirunyan, A., others, . 2021. Search for top squark production in fully-hadronic final states in proton-proton collisions 
at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, 
Ranch, SDSC, Stampede2, TACC] 
478. Sirunyan, A., others, . 2021. Search for resonant and nonresonant new phenomena in high-mass dilepton final states 
at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, 
Ranch, SDSC, Stampede2, TACC] 
479. Sirunyan, A., others, . 2021. Measurements of production cross sections of the Higgs boson in the four-lepton final 
state in proton-proton collisions at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data 
Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
480. Sirunyan, A., others, . 2021. Measurements of Higgs boson production cross sections and couplings in the diphoton 
decay channel at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, 
PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
481. Sirunyan, A., others, . 2021. Precision luminosity measurement in proton-proton collisions at sqrt(s)=13 TeV in 2015 
and 2016 at CMS. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, 
Ranch, SDSC, Stampede2, TACC] 
482. Sirunyan, A., others, . 2021. Search for charged Higgs bosons produced in vector boson fusion processes and decaying 
into vector boson pairs in proton-proton collisions at sqrt(s)=13 TeV. (published) [Bridges Large, Bridges Regular, 
Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
483. Sirunyan, A., others, . 2021. Search for W’ bosons decaying to a top and a bottom quark at sqrt(s)=13 TeV in the 
hadronic final state. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, 
Ranch, SDSC, Stampede2, TACC] 
484. Sirunyan, A. M. et al. (2021), Evidence for Higgs boson decay to a pair of muons, Journal of High Energy Physics, 
2021(1), doi:10.1007/jhep01(2021)148. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, 
Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
485. Sirunyan, A., others, . 2021. Studies of charm and beauty hadron long-range correlations in pp and pPb collisions at 
LHC energies. DOI:10.1016/j.physletb.2020.136036. (published) [Bridges Large, Bridges Regular, Comet, Data 
Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
486. Sirunyan, A., others, . 2021. Measurements of angular distance and momentum ratio distributions in three-jet and Z + 
two-jet final states in pp collisions. (published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, 
PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
487. Sirunyan, A., others, . 2021. First measurement of large area jet transverse momentum spectra in heavy-ion collisions. 
(published) [Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, 
Stampede2, TACC] 
488. Sirunyan, A., others, . 2021. Using Z boson events to study parton-medium interactions in PbPb collisions. (published) 
[Bridges Large, Bridges Regular, Comet, Data Oasis, IU, Jetstream, PSC, Pylon, Ranch, SDSC, Stampede2, TACC] 
147. TG-PHY170051 
489. (2019), Observation of two-neutrino double electron capture in 124Xe with XENON1T, Nature, 568(7753), 532–535, 
doi:10.1038/s41586-019-1124-4. (published) 
148. TG-PHY180013 
490. Yan, M., S. M. Tobias, and M. A. Calkins (2021), Scaling behaviour of small-scale dynamos driven by Rayleigh–Bénard 
convection, Journal of Fluid Mechanics, 915, doi:10.1017/jfm.2021.61. (published) [Ranch, Stampede2, TACC] 
149. TG-PHY180014 
491. Bhandari, C., A. L. Wysocki, S. E. Economou, P. Dev, and K. Park (2021), Multiconfigurational study of the negatively 
charged nitrogen-vacancy center in diamond, Physical Review B, 103(1), doi:10.1103/physrevb.103.014115. 
(published) [Bridges Regular, Comet, Data Oasis, PSC, Pylon, SDSC] 
492. Dev, P. (2020), Fingerprinting quantum emitters in hexagonal boron nitride using strain, Physical Review Research, 
2(2), doi:10.1103/physrevresearch.2.022050. (published) [Bridges Regular, Comet, Data Oasis, PSC, Pylon, SDSC] 
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493. Kumar, P., Naumov, I., Manchanda, P., Dev, P. 2020. A new class of intrinsic magnet: two-dimensional yttrium sulfur 
selenide. Under consideration Physical Review Research; currently available on arXiv. arXiv Preprint: 
arXiv:2009.07232 . https://arxiv.org/abs/2009.07232. (submitted) [Bridges Regular, Comet, Data Oasis, PSC, Pylon, 
SDSC] 
494. Kumar, P., Sharma, V., Dev, P. 2021. Predicting phase preferences of two-dimensional transition metal 
dichalcogenides using machine learning. Under consideration in Physical Review Materials (available on arXiv: 
arXiv:2103.07513). https://arxiv.org/abs/2103.07513. (submitted) [Bridges Regular, Comet, Data Oasis, ECSS, PSC, 
Pylon, SDSC] 
495. Lock, E. H., J. C. Prestigiacomo, P. Dev, A. Nath, R. L. Myers-Ward, T. L. Reinecke, D. K. Gaskill, and M. S. Osofsky (2021), 
Quantum transport in functionalized epitaxial graphene without electrostatic gating, Carbon, 175, 490–498, 
doi:10.1016/j.carbon.2020.09.077. (published) [Bridges Regular, Comet, Data Oasis, PSC, Pylon, SDSC] 
496. Manchanda, P., Kumar, P., Dev, P. 2020. Thickness dependence of hydrogen-induced phase transition in MoTe2. 
DOI:10.1103/physrevb.101.144104. (published) [Bridges Regular, Comet, Data Oasis, PSC, Pylon, SDSC] 
497. Manchanda, P., Kumar, P., Dev, P. 2021. Defect-induced $4p$-magnetism in layered platinum diselenide. 
DOI:10.1103/PhysRevB.103.144403. (published) [Bridges Regular, Comet, Data Oasis, PSC, Pylon, Ranch, SDSC] 
498. Manchanda, P., Kumar, P., Dev, P. 2021. Defect-induced 4p-magnetism in layered platinum diselenide. 
DOI:10.1103/physrevb.103.144403. (published) [Bridges Regular, Comet, Data Oasis, PSC, Pylon, SDSC] 
499. Naumov, I. I., and P. Dev (2020), Quantum materials interfaces: Graphene/bismuth (111) heterostructures, Physical 
Review Research, 2(2), doi:10.1103/physrevresearch.2.023157. (published) [Bridges Regular, Comet, Data Oasis, 
PSC, Pylon, SDSC] 
500. Stephen, G. M. et al. (2020), Effect of Sn Doping on Surface States of Bi2Se3 Thin Films, The Journal of Physical 
Chemistry C, 124(49), 27082–27088, doi:10.1021/acs.jpcc.0c07176. (published) [Bridges Regular, Comet, Data 
Oasis, PSC, Pylon, SDSC] 
150. TG-PHY180053 
501. Bailly-Grandvaux, M. et al. (2020), Ion acceleration from microstructured targets irradiated by high-intensity 
picosecond laser pulses, Physical Review E, 102(2), doi:10.1103/physreve.102.021201. (published) 
151. TG-PHY190020 
502. Bozzola, G. 2021. kuibit: Analyzing Einstein Toolkit simulations with Python. (published) [Comet, SDSC, Stampede, 
TACC] 
503. Bozzola, G., Paschalidis, V. 2021. Numerical-relativity simulations of the quasi-circular inspiral and merger of non-
spinning, charged black holes: methods and comparison with approximate approaches. (published) [Comet, SDSC, 
Stampede, TACC] 
504. Bozzola, G., and V. Paschalidis (2021), General Relativistic Simulations of the Quasicircular Inspiral and Merger of 
Charged Black Holes: GW150914 and Fundamental Physics Implications, Physical Review Letters, 126(4), 
doi:10.1103/physrevlett.126.041103. (published) [Comet, SDSC, Stampede, TACC] 
505. Wessel, E., V. Paschalidis, A. Tsokaros, M. Ruiz, and S. L. Shapiro (2021), Gravitational waves from disks around 
spinning black holes: Simulations in full general relativity, Physical Review D, 103(4), 
doi:10.1103/physrevd.103.043013. (published) [Comet, SDSC, Stampede, TACC] 
152. TG-PHY190023 
506. Chester, S., Landry, W., Liu, J., Poland, D., Simmons-Duffin, D., et al. 2020. Bootstrapping Heisenberg Magnets and their 
Cubic Instability. (submitted) 
507. Reehorst, M., Rychkov, S., Simmons-Duffin, D., Sirois, B., Su, N., et al. 2021. Navigator Function for the Conformal 
Bootstrap. (published) [Comet, SDSC] 
153. TG-PHY200015 
508. Rizik, M., Monahan, C., Shindler, A., , . 2020. Short flow-time coefficients of CP-violating operators. 
DOI:10.1103/physrevd.102.034509. (published) 
154. TG-PHY200054 
509. Suresh, A., Chatterjee, S., Cordes, J., Crawford, F. 2021. An Arecibo Search for Fast Radio Transients from M87. 
(submitted) [Bridges Regular, PSC] 
155. TG-PHY200069, TG-PHY200091 
510. Xu, X., Grover, T. 2021. Competing Nodal d-Wave Superconductivity and Antiferromagnetism. 
DOI:10.1103/physrevlett.126.217002. (published) 
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156. TG-PHY200077 
511. Holoubek, J. et al. (2021), Tailoring electrolyte solvation for Li metal batteries cycled at ultra-low temperature, Nature 
Energy, 6(3), 303–313, doi:10.1038/s41560-021-00783-z. (published) [Comet, SDSC] 
157. TG-PHY200084 
512. Iyer, K. P., G. P. Bewley, L. Biferale, K. R. Sreenivasan, and P. K. Yeung (2021), Oscillations Modulating Power Law 
Exponents in Isotropic Turbulence: Comparison of Experiments with Simulations, Physical Review Letters, 126(25), 
doi:10.1103/physrevlett.126.254501. (published) [Stampede2, TACC] 
158. TG-PHY200103 
513. Rajput, K., V. Kumar, S. Thomas, M. A. Zaeem, and D. R. Roy (2021), Ca2C MXene monolayer as a superior anode for 
metal-ion batteries, 2D Materials, 8(3), 035015, doi:10.1088/2053-1583/abf233. (published) [Bridges Regular, 
Comet, PSC, SDSC] 
159. TG-SBR140001 
514. Collins, J., Dimas, A., Lottati, I., Krispin, J., Prakash, B. 2021. Numerical Simulation of Flow Past a Floating Wind 
Turbine Subjected to Wave-Induced Motion Using a Vortex Filament Method. WindEurope Technology Workshop, 
(Naples, Italy ). (in preparation) [PSC] 
515. Krispin, J., Collins, J., Lottati, I., Dimas, A., Prakash, B. 2021. Modeling Wind Farms and Turbines Using a Vortex 
Filament Method. WindEurope Technology Workshop, (Naples, Italy ). (in preparation) [PSC] 
160. TG-SEE200003 
516. Shaw, O., Hadden-Perilla, J. 2020. TactViz: A VMD Plugin for Tactile Visualization of Protein Structures. (published) 
[Comet, SDSC, Training] 
161. TG-SES200007 
517. Shrestha, S., and S. Jain (2021), A Bayesian‐bandit adaptive design for N‐of‐1 clinical trials, Statistics in Medicine, 
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13. Collaborations 
XSEDE considers collaboration within the research community to be essential to the advancement of all 
fields of research. It is XSEDE’s policy and practice to encourage and engage in collaborations, where 
applicable. 
In addition to the collaborations with Service Providers via the SP Forum (§14), XSEDE collaborates 
with NSF awardees and other domestic and international projects. 
The following list represents the active collaborations with NSF awardees: 
 
PI/Contact NSF Proposal Title Award Number 
David Anderson Mainstreaming Volunteer Computing 1105572 
Ian Foster SI2-SSI: SciDaaS -- Scientific data management as a 
service for small/medium labs 
1148484 
Abani Patra Collaborative Research: Integrated HPC Systems Usage 
and Performance of Resources Monitoring and Modeling 
(SUPReMM- SUNY Buffalo) 
1203560 
Abani Patra Collaborative Research: Integrated HPC Systems Usage 
and Performance of Resources Monitoring and Modeling 
(SUPReMM- UT-Austin) 
1203604 
Von Welch Center for Trustworthy Scientific Cyberinfrastructure 
(CTSC) 
1234408 
Kevin Franklin Latin America-US Institute 2013: Methods in 
Computational Discovery for Multidimensional Problem 
Solving 
1242216 
Nicholas Berente EAGER proposal: Toward a Distributed Knowledge 
Environment for Research into Cyberinfrastructure: 
Data, Tools, Measures, and Models for Multidimensional 
Innovation Network Analysis 
1348461 
Jerzy Bernholc Multiscale Software for Quantum Simulations in 
Materials Design, Nano Science and Technology 
1339844 
Seung-Jong Park MRI: Acquisition of SuperMIC-- A Heterogeneous 
Computing Environment to Enable Transformation of 
Computational Research and Education in the State of 
Louisiana 
1338051 
Marlon Pierce Open Gateway Computing Environments Science 
Gateways Platform as a Service (OGCE SciGaP) 
1339774  
Steven Tuecke Sustaining Globus Toolkit for the NSF Community 
(Sustain-GT) 
1339873 
Kathy L. Benninger CC-NIE Integration: Developing Applications with 
Networking Capabilities via End-to-End SDN (DANCES) 
1341005 
Renata Wentacovitch Quantum Mechanical Modeling of Major Mantle 
Materials 
0635990  
Dr. Kate Keahey A Large-Scale, Community-Driven Experimental 
Environment for Cloud Research 
1419141 
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Shaowen Wang MRI: Acquisition of a National CyberGIS Facility for 
Computing- and Data-Intensive Geospatial Research and 
Education 
1429699 
Todd Martinez Acquisition of an Extreme GPU cluster for 
Interdisciplinary Research 
1429830 
Donna Cox The Centrality of Advanced Digitally-ENabled Science: 
CADENS 
1445176 
Robert Ricci CloudLab: Flexible Scientific Infrastructure to Support 
Fundamental Advances in Cloud Architectures and 
Applications 
1419199 
Dr. Kerk F. Kee, Almadena 
Y. Chtchelkanova 
RUI: CAREER Organizational Capacity and Capacity 
Building for Cyberinfrastructure Diffusion 
1453864  
Nicholas Berente Fostering Successful Innovative Large-Scale, Distributed 
Science and Engineering Projects through Integrated 
Collaboration 
1551609  
Allen Pope EarthCube RCN: Collaborative Research: Research 
Coordination Network for High Performance Distributed 
Computing in the Polar Sciences 
1541620 
Thomas Hauser MRI Collaborative Consortium: Acquisition of a Shared 
Supercomputer by the Rocky Mountain Advanced 
Computing Consortium 
1532236  
Edward Seidel BD Hubs: Midwest: “SEEDCorn: Sustainable Enabling 
Environment for Data Collaboration that you are 
proposing in response to the NSF Big Data Regional 
Innovation Hubs (BD Hubs): Accelerating the Big Data 
Innovation Ecosystem (NSF 15-562) solicitation 
1550320  
Alexander Withers Secure Data Architecture: Shared Intelligence Platform 
for Protecting our National Cyberinfrastructure” that 
you are proposing in response to the NSF Cybersecurity 
Innovation for Cyberinfrastructure (NSF 15-549) 
solicitation 
1547249  
James Basney CILogon 2.0 project that you are proposing in response 
to the NSF Cybersecurity Innovation for 
Cyberinfrastructure (NSF 15-549) solicitation 
1547268  
Bertram Ludaescher DIBBs: Merging Science and Cyberinfrastructure 
Pathways: The Whole Tale 
1541450 
Philip J. Puxley Associated Universities, Inc. (AUI) and the National 
Radio Astronomy Observatory (NRAO) 
1519126  
J. Bernholc SI2-SSE: Multiscale Software for Quantum Simulations of 
Nanostructured Materials and Devices 
1615114 
David Anderson Collaborative Research: SI2-SSI: Adding Volunteer 
Computing to the Research Cyberinfrastructure 
1550601 
Thomas Crawford Molecular Sciences Software Institute (MolSSI) that you 
are proposing in response to the NSF Scientific Software 
Innovation Institutes (S2I2, NSF 15-553) solicitation 
1547580 
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Nancy Wilkins-Diehr Science Gateways Software Institute for NSF Scientific 
Software Innovation Institutes (S2I2, NSF 15-553) 
solicitation 
1547611 
Ron Hawkins CC* Compute: BioBurst in response to the Campus 
Cyberinfrastructure (CC*) Program solicitation (NSF 16-
567) 
1659104 
Farzad Mashayek CC* Networking Infrastructure: Building HPRNet (High-
Performance Research Network) for advancement of 
data intensive research and collaboration 
1659255 
Ewa Deelman SI2-SSI: Pegasus: Automating compute and data 
intensive science 
1664162 
Doug Jennewein MRI: Acquisition of the Lawrence Supercomputer to 
Advance Multidisciplinary Research in South Dakota 
1626516 
James Basney SciTokens 1738962 
Dirk Colbry Cybertraining:CIP – Professional Training for 
CyberAmbassadors 
1730137 
Eric Shook Collaborative Research: CyberTraining: CIU: Hour of 
Cyberinfrastructure: Developing Cyber Literacy for 
Geographic Information Science 
1829708 
Jennifer M. Schopf CC* NPEO: A Sustainable Center for Engagement and 
Networks 
1826994 
Alex Szalay Collaborative Research: Building the Community for the 
Open Storage Network 
1747493 
Von Welch CICI: CSRC: Research Security Operations Center 
(ResearchSOC) 
1840034 
Larry Smarr CC* NPEO: Towards the National Research Platform 1826967 
Thomas Doak Collaborative Research: ABI Sustaining: The National 
Center for Genome Analysis Support 
1759906 
Kenton McHenry Framework: Data: Clowder - Open Source 
Customizable Research Data Management, Plus 1835834 
Peter Kasson  SI2-SSI Collaborative Research: SCALE-MS-Scalable 
Adaptive Large Ensembles of Molecular Simulations 
1835780 
Mao Ye  A Workshop to Jumpstart High-Performance Computing 
in Finance/ BIGDATA: IA: Collaborative Research: 
Understanding the Financial Market Ecosystem 
1838183 
Dmitry Pekurovsky Elements: Software: Multidimensional Fast Fourier 
Transforms on the Path to Exascale 
1835885 
Von Welch CICI: CCoE: Trusted CI: Advancing Trustworthy Science 1920430 
Rudolph Eigenmann MRI: Acquisition of a Big Data and High Performance 
Computing System to Catalyze Delaware Research and 
Education 
1919839 
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Ian Foster Frameworks: funcX: A Function Execution Service for Portability and Performance 2004894 
William Gropp Category I: Crossing the Divide Between Today's 
Practice and Tomorrow's Science 
2005572 
X. Carol Song Category I: Anvil - A national advanced computational 
resource to meet the changing needs of the nation’s 
research and education communities 
2005632 
David Y. Hancock Category I – Jetstream 2: On-demand high performance 
computing 
2005506 
Honggao Liu MRI: Acquisition of FASTER - Fostering Accelerated 
Sciences Transformation Education and Research 
2019129 
Elise D. Miller-Hooks MRI: Acquisition of an Adaptive Computing 
Infrastructure to Support Compute- and Data-Intensive 
Multidisciplinary Research 
2018631 
Amy Roberts Collaborative research: Elements: Shared data-delivery infrastructure to enable discovery with the next 
generation of Dark Matter and Computational 
Astrophysics experiments 
2104003 
James Basney CICI:UCSS:SciAuth: Deploying Interoperable and 




The following list represents other active formal domestic and international collaborations: 
Project Collaboration Summary 
Domestic Collaborations 
Marshall University - 
Campus Bridging Site (CRI) 
Indiana University CRI staff visited Marshall University for server build 
and XSEDE software toolkit installation 
Southern Illinois University - 
Campus Bridging Site (CRI) 
Indiana University CRI staff visited Southern Illinois University for 
server build and XSEDE software toolkit installation 
Bentley University - 
Campus Bridging Site (CRI) 
Indiana University CRI staff visited Bentley University for server build 
and XSEDE software toolkit installation 
University Texas El Paso - 
Campus Bridging Site (CRI) 
Indiana University CRI staff visited University Texas El Paso for server 
build and XSEDE software toolkit installation 
Brandeis University - 
Campus Bridging Site (CRI) 
Indiana University CRI staff visited Brandeis University for server build 
and XSEDE software toolkit installation 
Incorporated Research 
Institutions for Seismology (IRIS) 
Indiana University partnering with IRIS to use the Jetstream system to 
disseminate data to the research community 
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CyVerse Indiana University partnered with CyVerse projects to deploy and operate the Jetstream system as part of the XSEDE ecosystem 
National Center for Genome Analysis 
Support (NCGAS) 
Indiana University partnered with the National Center for Genome 
Analysis Support to use the Jetstream system for creation of virtual 
machine images for research and analysis of genome data 
South Dakota State University - 
Campus Bridging Site 
Indiana University CRI staff visited SDSU for cluster build and XSEDE 
software toolkit installation 
Slippery Rock University - Campus 
Bridging Site 
Indiana University CRI staff visited Slippery Rock University for server 
build and XSEDE software toolkit installation 
Doane University - Campus Bridging 
Site 
Indiana University CRI staff visited Doane University for cluster build 
and XSEDE software toolkit installation 
UltraScan Science Gateway - Virtual 
Cluster CRI staff worked with UltraScan to create a virtual cluster in Jetstream 
3-D Quantitative Phenotyping 
Gateway - Virtual Cluster 
CRI staff worked with A. Murat Maga in order to create a virtual cluster 
in Jetstream for the biological sciences 
XSEDE Web SSO 
RACD is helping XSEDE federated services providers (XDMoD, CI-Tutor, 
and Cornell Virtual Workshop) to integrate with the XSEDE Web SSO 
capability. 
Use of XRAS by NCAR/CISL Agreement to use XRAS for managing the NCAR allocations 
Use of XRAS by NCAR/EOL 
Agreement to use XRAS to manage EOL Lower Atmosphere Observing 
Facilities (LAOF) allocations 
Use of XRAS by Blue Waters Agreement to use XRAS for managing the Blue Waters allocations 
Use of Information Services by UIUC 
Agreement to use Information Services to enable resource discovery in 
the UIUC Research Portal (https://researchit.illinois.edu) 
Delivering Kepler to XSEDE Users 
XSEDE Providing Capability Integration Assistance to make Kepler 
available to XSEDE users 
Open Storage Network CI integration 
collaboration 
XCI is participating in OSN software working group to facilitate 
documenting requirements and use cases, support the engineering 
process, and provide other useful XSEDE services 
Institute for Research on Innovation 
& Science (IRIS) 
Agreement to use network science methods and administrative data 
maintained by the Institute for Research on Innovation & Science to 
develop preliminary models that examine the scientific effects of 
XSEDE usage by researchers on more than 30 U.S. university campuses. 
International Collaborations 
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International HPC Summer School Partnership with PRACE (EU), RIKEN AICS (Japan), and Compute 
Canada (Canada) to familiarize the best students of the respective 
continents or countries in computational sciences with a strong bond 
to supercomputing with all major state-of-the-art aspects related to 
HPC for a broad range of scientific disciplines, catalyze the formation of 
networks, provide mentoring through faculty members and 
supercomputing experts from renowned HPC centers, and to facilitate 
international exchange and open further career options. 
Open Grid Forum (www.ogf.org) JP Navarro is GLUE working group chair. XSEDE leverages and 
influences infrastructure information management through this 
collaboration. 
HPC Development and Summer 
Exchange Program for HPC visiting 
staff  
Craig Stewart entered into a formal MOU of Collaboration with TU-
Dresden 
Membership in the Research Data 
Alliance (RDA) organization  
Indiana University entered into a formal membership agreement with 
RDA to explore open data standards as part of the international scope 
of the organization 
International grid computing research 
and education organization Indiana University participates as a contributing partner to summer 
teaching in the African Grid School 
 
International collaboration of 
regional research infrastructures 
(XSEDE, PRACE, and RIKEN) 
XSEDE entered into an MOU jointly with PRACE and RIKEN 
committing to opening lines of communications and seeking more 
areas of collaboration. This occurred in May 2017. 
Compute Canada Accounting Service Exploring possible collaboration on re-design of Federated Accounting 
Service  
WISE (Wise Information Security for 
Collaborating e-Infrastructures) 
Support trusted global framework where security experts can share 
information on topics such as risk management, experiences about 
certification processes and threat intelligence 
IGTF/TAGPMA To establish common policies and guidelines that help establish 
interoperable, global trust relations between providers of e-
Infrastructures and cyber-infrastructures, identity providers, and other 
qualified relying parties. 
International Identity Federation XCI-302: Participate in REFEDS Assurance Framework Pilot 
Engagement Group for 
Infrastructures (AEGIS) 
XCI-256: Participate in AARC Engagement Group for Infrastructures 
(AEGIS) 
Technische Universitat Darmstadt: 
ROI on academic advanced 
cyberinfrastructure systems 
Understanding ROI on university-owned advanced cyberinfrastructure 
systems, including cloud systems with Technische Universitat 
Darmstadt, RTWH Aachen University, & Technishe Universitat Dresden 
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ROI on academic advanced 
cyberinfrastructure systems 
Understanding ROI on university-owned advanced cyberinfrastructure 
systems, including cloud systems with Technische Universitat 
Darmstadt, RTWH Aachen University, & Technishe Universitat Dresden 
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14. Service Provider Forum Report 
Service Providers (SPs) are independently funded projects and/or organizations that provide 
cyberinfrastructure (CI) services to the science and engineering community. There is a rich diversity of 
SPs in the US academic community, spanning centers that are funded by NSF to operate large-scale 
resources for the national research community to universities that provide resources and services to 
their campus researchers. The Service Provider Forum (SPF) is intended to facilitate this ecosystem of 
Service Providers, thereby advancing the science and engineering researchers that rely on these 
cyberinfrastructure services. The SPF has two primary elements of its charter:  
1) An open forum for discussion of topics of interest to the SP community 
2) A formal communication channel between the SPF members and the XSEDE project 
The SPF conducts its business primarily through biweekly conference calls on Thursdays at 4PM 
Eastern Time. Agendas are distributed in advance of the meetings and minutes are maintained on the 
XSEDE SP wiki (https://confluence.xsede.org/display/XT/XSEDE+Federation). NSF Program Officers 
are invited and occasionally participate. Many people from the XSEDE program routinely participate in 
SPF meetings to facilitate direct interaction with the XSEDE program. For example, regular updates are 
provided by John Towns and Tim Boerner (XSEDE PI and XSEDE Deputy Project Director), Tabitha 
Samuel (XSEDE SP Coordinator), and other XSEDE management and area leads. Additional contributors 
from XSEDE and other organizations are frequently invited to brief the SPF on XSEDE topics or seek the 
Forum’s input in the development of program plans and activities.  
This report is the quarterly summary of the SPF’s activities covering the period May 1, 2021 – July 31, 
2021. 
SP Forum Administrative and Membership Activities  
• Biweekly SPF meetings  
• SP Forum participation at the biweekly XSEDE Senior Management Team calls  
• Continued administrative membership activities 
• SP Participation in the XSEDE Advisory Board meeting (David Hancock, Ruth Marinshaw, Dan 
Stanzione] 
• SPF membership expansion with the addition of L3 member Arizona State University 
The full membership of the SP Forum is maintained on the XSEDE website, 
https://www.xsede.org/ecosystem/service-providers.  
Technical and programmatic discussions 
Noteworthy SPF activities from this reporting period include: 
• Regular attendance and updates by John Towns and Tim Boerner on the XSEDE projects. 
• Regular attendance and updates by Tabitha Samuel regarding XSEDE Operations topics. 
• Discussion of the cyberinfrastructure resources at Texas A&M University, including the FASTER 
system, allocated through XSEDE 
• Discussion of a corporate request to join the SP Forum 
• Discussion of XSEDE’s Data Transfer Services (DTS) engagement services 
• Reports by and discussion with newer SP Forum members regarding their onboarding experiences, 
including system configuration associated with the allocations and accounting environment for 
XSEDE 
• Presentation by Dana Brunson, Internet2, regarding the recently awarded Center of Excellence, a 
Research Computing and Data Resource and Career Center and discussion of linkages between it 
and other CI services in the community.  
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15. UAC 
XSEDE User Advisory Committee Report 
Reporting period: May 1, 2021 through July 31, 2021 
The XSEDE User Advisory Committee (UAC) represents the "user's voice" to XSEDE management, 
presenting recommendations regarding emerging needs and services and acts as a sounding board for 
plans and suggested developments. It meets two or three times a year via conference call. The UAC 
makes suggestions to improve XSEDE operations and helps identify areas where more support 
expertise is required. It reviews findings of XSEDE's Performance Evaluation Plan and Self Assessment, 
and its User Survey. Subsets of the UAC advise XSEDE's Extended Collaborative Support Service (ECSS) 
management on where to dedicate support effort on community codes. One member of the UAC serves 
on the User Requirements Evaluation and Prioritization Working Group (UREP). The chair of the UAC 
(elected by its members) participates in regular XSEDE senior management meetings (currently bi-
weekly). 
There were no UAC meetings and no other actions made by or requested of the UAC over this period. 











RY6 IPR15 Page 158 
16. XMS Summary 
 Executive Summary 
During the current reporting period substantial progress was achieved in a number of areas. Open 
XDMoD 9.5 was released. New features include: A preliminary version of the Open OnDemand realm 
that provides resource providers with information about Open OnDemand usage and a cloud instance 
viewer that allows for tracking/visualization of cloud instance events. The Open XDMoD instance 
monitoring Ookami has been upgraded to provide greater insight into Ookami operations and usage and 
showing the progress made in bringing Ookami on-line as a production machine.  
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17. XAB Executive Summaries 
 
 Executive Summary of XSEDE Advisory Board Meeting, April 16, 2021 
Meeting Date: Friday, April 16, 2021 
Meeting Place: 3 hour Teleconference via Zoom 
Preface: The main topic of this call was to serve as the annual in-person meeting 
Next Call: Friday, July 9, 2021  
Approval of August Meeting Minutes 
Approved 
Session I: PI Update 
• Forward funded through the end of the project. Helpful because we only need authorization to 
spend. Will be working to get final year funding out to subs following review.  
• Good interactions with Bob C & Al S at NSF.  
• Concern that ACCESS awards won’t be made before the end of XSEDE funding. NSF has 
committed to making awards in FY22. XSEDE ends in FY22 (Aug). Concern about what will 
happen if awards aren’t made before the end of XSEDE. XSEDE has already received 20% of 
initial funding for PY11 so would need a more extensive review to approve any additional funds. 
Worried about the impact of transition on the community. Prefer to not write a bridge proposal, 
but we will do it if needed.  
• Q: Not surprised you’re not getting more info from NSF. Worry only about what you have to 
worry about. Certain things that the new award will not support because of budget. What will 
need to drop? 
o 2 major areas missing from solicitations: ECSS (accounts for ⅓ of current XSEDE 
budget); CEE is largely missing with exception of some campus outreach activities. 
These are high risk areas. Concern that XSEDE staff will leave early to seek other career 
opportunities. Trying to figure out how to manage these risks.  
• Q: Asking for guidance on mitigation plans is reasonable. RECOMMENDATION: Consider 
developing transition plans for overlap with ACCESS vs. no overlap.  
Remind NSF that we could likely lose staff. May not get any response, but important to remind 
them of what could be lost as time gets closer. 
• Q: They’re not giving priority to community needs. Could be a huge disruption for some 
projects. Abandoning that due to lack of planning isn’t responsible. Don’t know if they’ll listen to 
this, but it is an angle worth pursuing 
• JT: The nature of governance of ACCESS awards is a challenge. A lot of open questions in 
solicitations re. which track should do what. As awards are made, there will be reconciliation 
about who is doing what. Will be hard for XSEDE to engage with them until such decisions are 
made. Feel that what I’m saying is being heard but nothing is being done about it. Blueprint docs 
have potential for efforts to be continued under other programs (i.e., workforce development). 
Don’t see anything targeted at providing ECSS support.  
• JT: Working now to identify the latest date we could spin things down if we don’t have anyone 
to hand off to, point of no return when service can’t be spun back up, amount of effort needed if 
we had to stand back up after the point of no return date.  
• Q: Can’t rule out the possibility that NSF doesn’t have answers to any of this.  
o If they do, we aren’t hearing about it.  
o Q: NSF can’t speak about future programs. Can’t commit to award dates. Maximum 
possible gap is 30 days. Odds are that it will get done with some time to spare. No matter 
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what they do with the gap, it won’t fix issues with ECSS & CEE. Doubt they’ll tell you 
anything else. 20% cap is per year. 2-3 scenarios you have to worry about & no amount 
of planning will change that. Important to work on things that are critical to bridge 
(allocations).  
 Timing issue with allocations. Question out to NSF on this.  
 Systems will continue past the end of the XSEDE award. In lack of a better plan, 
will keep allocating and new awardees have to take them. 
o Q: Experience with other agencies? DOE labs, NASA projects, etc.?  
 Q: have been a part of NIH, but they have a different process/scenario.  
o Q: Believe NSF is aware of issues. Until final approval they aren’t allowed to say 
anything. Spend our time productively planning, don’t worry about things we have no 
control over.  
 
Session II: CEE PY11 Plan Discussion 
• People intensive, relationship building, sustainable relationship pieces are missing from 
solicitations. Noticed several years ago with review panels there is a mentality that when you 
get some success, and feel you have a process for success, that you can replicate it & drop it. 
That is not how this works. A lot of research suggests that single engagements without 
relationships aren’t successful & don’t result in as good of outcomes. An unwillingness to put 
money into investment in a persistent relationship. 
• Much of CEE is not in ACCESS solicitations. User engagement/user services (portal & some 
training) is there and a small amount of campus engagement. Everything else is gone. Not 
enough $ to support those things. CEE started as a grassroots effort, and built something 
successful from nothing. Took a lot of dedication. Disappointing that it wasn't acknowledged. 
Don’t know where the value proposition is getting lost. The women & people of color needle 
hasn't shifted like we thought it would. CEE has had a lot of success at bringing these 
underrepresented groups in. Concern that the value proposition isn’t getting adequately 
communicated.  
• Q: Are there other NSF programs (division of undergrad education etc.) that could apply and get 
funding to continue programs?  
o We can. Have leveraged funding from a variety of NSF programs. They tend to be smaller 
pots of funds. Will definitely apply for funds to continue, but they generally aren’t 
funded at the needed level. Didn’t start from zero. Built on relationships that Linda Akli 
& others had already built.  
o Have talked about pursuing an institute/funding outside NSF to grow these programs.  
• Q: CI centers of excellence. Any signals from NSF that this may be a vehicle to put effort in? 
White papers to propose centers of excellence that could build on these programs? 
o JT: May start to see several small awards, which could lose the coherence.  
o Kelly: putting a white paper together now to submit to the center of excellence. Most 
logical path forward at least initially. No feedback from NSF that this is where we should 
go, but plan to test the waters. 
o Phil: ECSS plans to do the same.  
• Q: How do we better communicate that it is persistence/relationships/investment over time 
that equals success? 
o Q: User stories are very powerful, especially with underrepresented communities.  
o We do have anecdotal stories & data collected for all programs. Follow participants so 
we can build these stories. 
o Q: How about documentation to show paths to success 
o Q: write papers  
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 Kelly: putting together journal publication. Just now have enough data to do 
this.  
o Q: Is there any way to measure persistence?  
 Our persistent engagement over time. Our level of engagement with participants 
over time.  
 Lizanne: we track this over time, but it is a limited sample.  
 Leverage other programs to provide a richer experience. May start as REU site 
and end up in Computing4Change etc.  
 Need to find venues to communicate about this success 
o Q: how much of the problem is a result of the story not being matched with what the 
recipients are interested in? So much focus on technical aspects, more performance, 
bigger storage, etc., results in a mismatch of message you’re trying to convey and people 
receiving the message.  
 Reviews of CEE & ECSS have been glowing. So surprising that they weren’t 
prioritized.  
 Have had feedback that we only impact 25 students at a time vs. hundreds. But 
we generally impact these people for a long period of time and shift where they 
end up. NSF seems to be looking for short bursts & big numbers.  
• CEE stepping back on some URM KPIs. Might reconsider that.  
o Not backing off on program but on target. Have seen significant Zoom fatigue in these 
communities. Difficult to reach out to new communities in online format. Uncertainty 
due to online/no travel.  
o New admin pushing forward bill that will include workforce development for 
underrepresented communities. 
 
Session III: ECSS PY11 Plan Discussion 
Reducing targets for the number of projects from 45 to 40. Typical project allocated for 1 year. Plan to 
accept new ECSS projects through March (will have 6 mos to complete). Will talk to PIs re. expectations, 
that we’ll need to work on things that can be completed in 6 mos.  
Other targets are related to satisfaction, so those are not being changed.  
• Q: provide additional compensation as a way to keep them from leaving before the end of 
XSEDE?  
o Constrained by budget and local sites.  
o People moving is driven more by opportunities/interest than money 
o Relates to training issues as well. Continued training is a perk to staff to get that 
professional development. Still have a need with new machines coming on board to 
remain effective up to the end.  
o If people leave and others have to step in, training can provide agility for this.  
• Q: What are you hearing from the user community re. ECSS going away?  
o A Campus Champion was very upset about this. Most users are unaware.  
o Considering a BoF or panel at PEARC21 to ask the community about what ECSS should 
do next.  
o Some feedback from SP forum as they rely on ECSS to provide in-depth expert support 
that the SPs don’t have the budget to offer. SP Forum sent a letter with concerns about 
this, but the response was just thank you for your feedback. 
o When do we tell the user community? Don’t want to create uncertainty, but they need to 
know this won’t be an option. There will come a time when ECSS won’t be on XRAS 
menu, so we need to announce before that.  
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o Dave H: Some projects could write into their own awards/grants. Consider timing needs 
for that. May need to announce earlier than later.  
o RECOMMENDATION: Across various program areas of XSEDE, think about overall 
communication strategy for all transition efforts across the project. Recommend 
developing a unified communication plan with milestones for next year.  
o UAC’s take on this? Majority of users don’t use ECSS, so many of them may not have this 
on their radar. Small % of audience but has a big impact. 
• Smooth transition from having ECSS to not having ECSS. 
• ECSS has its hand in other activities including Novel & innovative projects and working with 
CEE to develop & deliver training.  
• May have staff effort become available as ECSS ramps down. Consider having them shift to 
engage in other activities. 
 
Session IV: XCI PY11 Plan Discussion 
When to stop onboarding new SPs? Not a simple process (3-6 mos to complete).  
• Hope to have reasonable transition overlap.  
• Final XRAC is a couple days before the end of the project. Would you introduce new resources 
then? Count back from there. If you don’t have sufficient time to make it an allocated resource, 
no point.  
• From SP point of view, requirement in cooperative agreement to integrate into XSEDE 
• Integration with allocation portion can be lighter weight. To put in system to make an award is 
less difficult than fully integrating with AMIE/accounting.  
• No calls out for new L1 systems, so unlikely there will be any new ones we don’t already know 
about.  
• Why not continue support as long as there is funding? 
o No indication if ACCESS awardees will want to take ownership of all services 
How to handle pilot efforts 
• If you get to that point and they’ve not gone into production  
What gets retired first etc.  
• Based on usage. If no one is using it, retire it.  
• What is the effort towards just keeping the lights on for XCI? If there is a gap… 
o 4-5 services @ about .5 FTE each 
o Keeping up to date on bug fixes/security 
o Would have to work with sys ops group as they manage the hardware that these 
services are run on.  
 
RECOMMENDATION: Determine the effort needed to keep XCI basic services running in case there is a 
gap. 
• RECOMMENDATION: To gauge impact on users, have conversations with users. Even if usage is 
low, impact can be high.  
When should engagements end?  
• Dependent on effort, but 6 mos is rough timeline 
• RECOMMENDATION: assess in advance which engagements could be done quickly so could be 
taken on later vs. those that are more extensive so need to be cut off sooner. Evaluate how much 
effort is involved and schedule accordingly 
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o A shame to lose quick jobs due to a hard deadline 
• A way to add to the process to ask if willing/able to put in staff time in the next x months. 
 
Session V: Ops PY11 Plan Discussion 
Concern is that we don’t know what we’re transitioning to or when. Have to be ready for anything. Not 
clear if the collection of ACCESS tracks will cover all services we currently offer. If competing visions 
and multiple tracks want to claim the same service, how to handle that. What happens if ACCESS uses 
something very different from what we’re currently doing--difficult to transition. 
• Planning now for spinning services down. 
• How impossible to start services back up once taken down.  
o External dependencies/penalties in contracts 
o Cost in the back of our minds, but impact is at the forefront 
• Planning for contingencies as best we can.  
• Have migrated many services to cloud providers, and that should make things easier.  
• Any indication re. how diverse a potential service model is that future ACCESS operators might 
envision?  
o Operations track is not the only place that current Ops services will live in ACCESS. 
Some of this is implicit, so proposers could read it in different ways. Will need a 
reconciliation process to ensure all tracks coordinate with NSF to agree who is doing 
which services. Hope this is resolved before the end of XSEDE to allow us easier 
transition services.  
• XSEDE has had no contact from anyone asking questions about transition planning. 
 
Session VI: RAS PY11 Plan Discussion 
Allocating enough time to send award notices after the last XRAC meeting?  
• Will be tight, but can put staff on this to be done by Aug 30. Moving the meeting up a week 
would help.  
• XSEDE’s data preservation requirements? If we need to take a snapshot of XDCDB and store it 
somewhere, that could impact the timeline.  
• Recommend moving the final XRAC meeting back a week to allow more time to make the 
allocations.  
If you shut down pieces of XRAS can you bring back later? 
• Have to shut down the submission interface. Closed for business screen, disconnect from API. 
Can do that at any time. Can shut down the review interface. Most abrupt would be to spin down 
services running in Amazon and go dark. Have stages/phases we can do.  
• “If we end up working into Sept to get the work done then that’s what we’ll do” spirit--
appreciate that but it’s not right. Can’t use project funds to pay for it past the end date. Don’t 
want to take advantage of subawards who have performed well.  
• Can adjust the level of effort for writing comments. All declines could get a stock “Your request 
is declined. Due to the end of XSEDE no other comments will be provided.” Can also work with 
SPs to provide them the allocation info & they do with it what they will. 
Opportunities with new SPs 
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• New sites including some brand new and others coming back. How can we take advantage? Can 
we benefit the user community or SPs?  
o Might promote that we have new resources coming online at a higher level to ensure 
awareness among user community 
o ER has been working on this with RAS & XCI.  
o Getting user base started for new resources can help community and SPs. 
 
Session VII: Program Office PY11 Plan Discussion 
Should the project compile a formal lessons learned doc? Not specified as a formal deliverable. 
Especially given the structure of ACCESS awards being so different. 
• Q: RECOMMENDATION: the project should write a lessons learned paper and publish it 
• Q: There is disappointment with the move to multiple tracks. Pendulum may eventually swing 
back, so having documentation of best practices could be helpful if NSF course-corrects in the 
future.  
• JT: all documents XSEDE produces are published publicly in our doc repository. Includes 
persistent identifiers, and will continue to exist after the end of the project.  
• Appropriate place to publish? Peer reviewed pubs 
Communications plan: Want to be sure the community knows where to go to get services that will 
continue etc. 
• RECOMMENDATION: The project should promote the new awards & where users can expect to 
continue to access services they’ve had through XSEDE. Would need agreement with new teams. 
May wait for the new portal to be stood up. Letting the community know that XSEDE allocations 
will continue to be honored would provide comfort.  
• Right thing to do for users and the next project. Want to be supportive of the next project. 
• Difference in publicizing and having clear communication for the benefit of the community.  
• Offering coordinating office to take over the domain for a while might be beneficial 
User survey/climate study 
• Getting the final year of data would be very valuable & feed into lessons learned.  
 
Wrap-up/Close Meeting 
Thank you to all XAB members for input/feedback. Appreciate the time and effort.  
This structure of just putting up the questions was much more effective and beneficial.  
Need to consider the structure for XAB meetings in 2022. ACTION: Will put this on a future meeting 
agenda.  
Motion to close: Emre/Dan 
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18. XSEDE Spin Down Plan 
In preparation for its final year of funded activities, each WBS area identified services that will spin 
down, the date by which the service will need to spin down to gracefully shut it off before the end of the 
award period, and, where applicable, the level of effort required to bring the service back online after a 
specified “point of no return” date. This information is shared to provide input to NSF as they plan for 
the transition from XSEDE to the ACCESS awards. 
 
L2 area Service to be shut down 
Expected shut-down 
date 
Point of no return 
(i.e., can't bring 
the service back 
up after it is shut 
down without 
major effort) 
Level of effort if we DO turn the 




All communications, all PM 
processes, all evaluation 
activities, all business 
operations/invoicing 8/31/2022 n/a 
Would need to extend Confluence/Jira 
licenses for PM processes (PCRs, risk 
management, onboarding/offboarding, 
etc.) 
RAS XRAS Submit UI 
Through Aug. 2022. We 
will close opportunities 
(Startup, Education, 
Research) per a planned 
timeline. Submit UI will 
fully go down when XUP 
does. n/a 
Requires XUP to be live, but otherwise 
nominal effort 
RAS XRAS Review UI 8/30/2022 n/a 
Nominal. We'll just pull down 
thehttp://xras-
review.xsede.org/ site. 
RAS XRAS Admin UI 8/31/2022 n/a Nominal. We'll just pull down the site. 
RAS AMIE, XACCT 8/31/2022 n/a 
Modest. We will need to ensure SPs are 
able to reconnect. 
RAS XDCDB 8/31/2022 n/a 
Modest. We will spin down in AWS. 
Effort will be ensuring that dependent 
services come back up. 
     
XCI-
RACD Research Software Portal 8/29-31/2022 
90 days after Aug 
31, 2022 when 
XSEDE’s AWS 
account can’t be 
reactivated 
Not possible after the point of no return 
if the VM disk images have been 
deleted. 
XCI-
RACD Source code repositories 
Publicly hosted and will 
persist   
XCI-
RACD 
XSEDE Packaged Software 
Distribution Repositories 8/29-31/2022 
90 days after Aug 
31, 2022 when 
XSEDE’s AWS 
account can’t be 
reactivated 
Not possible after the point of no return 
if the VM disk images have been 
deleted. 
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XCI-
RACD 
Jira and Confluence (co-
operated with SysOps) 8/29-31/2022 
subject to those 




Not possible after the point of no return 
if the VM disk images have been 
deleted. 
XCI-
RACD RACD Google Drive 
Publicly hosted and will 
persist   
XCI-
RACD Information Services 8/29-31/2022 
90 days after Aug 
31, 2022 when 
XSEDE’s AWS 
account can’t be 
reactivated 
Could be brought back from GitHub 




XCI Component Usage 
Tracking Service 8/29-31/2022 






Not possible after the point of no return 





Repository (RDR) & user 
guide for SPs entering info 
in RDR 8/29-31/2022 
90 days after Aug 
31, 2022 when 
XSEDE’s ƒ account 
can’t be reactivated 
Not possible after the point of no return 
if the VM disk images have been 
deleted. 
XCI 
XSEDE spaces in standard 
repos (Pypi.org, Docker 
Hub, Singularity) 
Publicly hosted and will 
persist but keys should 
be transferred to 
ACCESS awardees n/a n/a 
XCI-CRI 
CRI software included in 
the Research Software 
Portal 
Publicly hosted and will 
persist but access 
should be granted to 
ACCESS awardees n/a n/a 
XCI-CRI 
Service Provider process 
and procedures 
Docs are grouped 
logically in Confluence 
but live in IDEALS which 
will persist n/a n/a 
Ops-
SYSOPS RT 8/31/2022 n/a 
Minimal, as long as dependencies are in 
place. 
Ops-
SYSOPS Nagios 8/31/2022  
Minimal, as long as dependencies are in 
place. 
Ops-
SYSOPS Confluence/Jira 8/31/2022  
Minimal, as long as dependencies are in 
place. 
Ops-
SYSOPS SSO Hub 8/31/2022  
Minimal, as long as dependencies are in 
place. 
Ops-
SYSOPS DUO 8/31/2022  
License runs through 8/31/2022, 




Mail (relays, archive, mail 
lists) 8/31/2022  
Minimal, as long as dependencies are in 
place. 
RY6 IPR15 Page 167 
Ops-
SYSOPS XES Index 8/31/2022  
Minimal, as long as dependencies are in 
place. 
Ops-
SYSOPS CILogon 8/31/2022  
Expected to be in AWS. Are we allowed 
to charge for storage in AWS past 8/31? 
If so, there should be minimal effort to 
restore. If no storage in AWS is allowed, 
then medium effort to stand everything 
back up 
Ops-
SYSOPS IDP 8/31/2022  
Expected to be in AWS. Are we allowed 
to charge for storage in AWS past 8/31? 
If so, there should be minimal effort to 
restore. If no storage in AWS is allowed, 
then medium effort to stand everything 
back up 
Ops-
SYSOPS MyProxy 8/31/2022  
Minimal, as long as dependencies are in 
place. 
Ops-
SYSOPS Inca 8/31/2022 
Subject to VM 
archiving policies 
at NICS and SDSC 
Few weeks if ok with historical data 
being lost; most code is in Github 
Ops-XOC XOC Playbook 8/31/22 n/a 
Documentation can be passed to 
incoming ACCESS awardee upon 
request. More of a handoff than a spin 
down. 
Ops-XOC XSEDE help phone line 8/31/22 Unclear  
Ops-
SecOPS MyProxy 8/31/2022  
Minimal, as long as dependencies are in 
place. 
Ops-
SecOPS Kerberos 8/31/2022  
Minimal, as long as dependencies are in 
place. 
Ops-
SecOPS OAuth 8/31/2022  





scanning 8/31/2022  
May depend on Qualys license terms. 
Effort minimal, as long as dependencies 
are in place. 
Ops-
SecOPS 
InCommon CA for 
xsede.org certs 8/31/2022  
May depend on InCommon 
membership terms. Effort minimal, as 
long as dependencies are in place. 
Ops-DTS DNS 8/31/2022 none 
Minimal: This service will continue for a 
while as the XSEDE DNS server will 
operational. 
Ops-DTS Dynamic DNS 8/31/2022 none 
Minimal: Unless there are security or 
liability issues this will continue to 
operate for some time. 
Ops-DTS perfSONAR 8/31/2022  
Minimal: Ran off of servers owned by 
PSC (Carnegie Mellon) 
Ops-DTS 
maddash mesh of 
perfSONAR 8/31/2022  
Minimal: Ran off of PSC perfSONAR 
server 
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Ops-DTS XSEDEnet 8/31/2022  
minimal: I2 coordination for L2VPN is 
done with SPs 
Ops-DTS I2 L3VPN 8/31/2022  
depends: I2 coordination for L2VPN is 
done with SPs so there should be I2 
negotiations to keep this up 
Ops-DTS Documentation Transition 8/31/2022  Minimal 
Ops-DTS 
Documentation DTS User 
Services 8/31/2022  Minimal 
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19. XSEDE Project Execution Plan 
At the beginning of the XSEDE project, a Project Execution Plan (PEP) was submitted to and approved 
by NSF. Content in this and all preceding Interim Project and Annual Reports supersede information 
submitted in the original PEP. The most recent version of the PEP (V. 2.5) can be viewed on the wiki27 
and is attached to this report. Changes in the most recent version (Version 2.5) of the PEP include: 
• Addition of three members to the XSEDE Advisory Board who are selected specifically to ensure 













Submitted to the National Science Foundation, 
Directorate for Computer and Information Science and Engineering, 
Division of Advanced Cyberinfrastructure, 
As a deliverable in preparation for “XSEDE 2.0: Integrating, Enabling and Enhancing 
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A. Summary of the purpose of the award and its sub-awardees 
“XSEDE 2.01: Integrating, Enabling and Enhancing National Cyberinfrastructure with Expanding 
Community Involvement” was submitted in response to the “XSEDE Renewal RFP,” under NSF’s 
Extreme Digital (XD) program. NSF determined that it is in the community’s best interest, and can 
achieve minimal disruption of critical community services, for NSF to invoke the provisions of the 
cooperative agreement ACI-1053575 that allows submission of a proposal by the University of 
Illinois for a renewal project, under the conditions set forth in the “XSEDE Renewal RFP.” The goal of 
XSEDE is to accelerate open scientific discovery by enhancing the productivity and capability of 
researchers, engineers, and scholars, and by broadening their participation in science and 
engineering. It does so by making advanced computational resources easier to use, integrating 
existing resources into new, powerful services and building the community of users and providers. 
XSEDE is a virtual organization that provisions complex distributed infrastructure, support services, 
and technical expertise.  A prominent opportunity for XSEDE is the growing, diverse collection of 
advanced computing, high-end visualization, data analysis, and other resources and services 
available to researchers, engineers, and scholars; these resources have the potential to help 
understand and solve the most important and challenging problems facing the nation and world. 
The challenge for XSEDE, as a virtual organization, is to organize these disparate resources, creating 
integrated services and a coordinated environment that serves the end user needs. The challenge 
also includes fostering awareness of, and training for, full utilization of the capabilities offered by 
XSEDE and its associated resources, as well as catalyzing workforce developments. All these tasks 
need to be accomplished in light of evolving user requirements, resources, and NSF strategies. 
 
With this award, NSF will continue to support an advanced cyberinfrastructure (CI) that uses an 
increasingly virtualized approach to the provision of high-end services. These services provide a 
common framework for researchers in computational and data-enabled science & engineering 
(CDS&E) at all levels of sophistication and aim to create a seamless environment from the desktop, 
to local university resources to national resources.  The objective is to provide the cybertools, 
software, know-how, assistance, and associated infrastructure required for their research to both 
sophisticated and novice users, the traditional high performance computing community and new 
communities who have not used high performance computing resources before. 
 
XSEDE will help assure that NSF-supported compute and data-intensive cyberinfrastructure 
continues to provide leading-edge capabilities for the research and education community and will 
facilitate transformative advances in science and engineering. 
 
The XSEDE project is a collaboration between the University of Illinois at Urbana-Champaign 
(National Center for Supercomputing Applications), the University of Tennessee at Knoxville 
 
 
1 The term “XSEDE” refers to the vision, mission, services and support established through the execution of the 
initial XSEDE award (#1053575) as well as the entire project during its ten year period. "XSEDE 2.0" is used to 
reference specific additions and/or changes to the XSEDE project as a direct result of this proposal (#1548562). 
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(National Institute for Computational Sciences), the Carnegie Mellon University and the 
University of Pittsburgh (Pittsburgh Supercomputing Center), the University of Texas at Austin 
(Texas Advanced Computing Center), the University of California at San Diego (San Diego 
Supercomputing Center), the University of Chicago, Indiana University, Purdue University, the 
Shodor Education Foundation, the Ohio Supercomputer Center, the Southeastern Universities 
Research Association, Cornell University, the National Center for Atmospheric Research (NCAR), 
the Georgia Institute of Technology, the Oklahoma State University, the University of Georgia, 
Oklahoma University, the University of Southern California, the University of Arkansas, Notre 
Dame, and Internet2. For a current list of subaward partners, see 
https://www.xsede.org/about/governance/partnerships.  
 
XSEDE will support six core service areas: Community Engagement & Enrichment (CEE), the 
Extended Collaborative Support Service (ECSS), XSEDE Community Infrastructure (XCI), XSEDE 
Operations, the Resource Allocations Service (RAS) and the Program Office. 
 
 
*Note table updated April 11, 2019 to reflect the addition of Internet2 and Notre Dame as subawardees per 
Amendment #006. 
 
Strategic Plan: Achieving Our Mission and Goals 
XSEDE’s mission is to enhance the productivity of a growing community of scholars, researchers, and 
engineers through access to advanced digital services that support open research by coordinating 
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and adding value to the leading cyberinfrastructure resources funded by the NSF and other agencies. 
Our strategic goals fully support NSF’s vision as stated in Investing in Science, Engineering and 
Education for the Nation’s Future and strategies stated broadly in the Cyberinfrastructure 
Framework for 21st Century Science and Engineering and the more specifically relevant Advanced 
Computing Infrastructure: Vision and Strategic Plan. 
 
Strategic Goals 
Our strategic goals support our mission and guide the project’s activities toward the realization of 
our vision of an advanced digital services ecosystem. Three strategic goals are defined: 
 
Deepen and Extend Use: XSEDE will deepen the use of the ecosystem by existing scholars, 
researchers, and engineers, and extend the use to new communities. We will contribute to the 
preparation—workforce development—of the current and next generation of scholars, researchers, 
and engineers in the use of this ecosystem; and raise the general awareness of the value of 
advanced digital services. 
 
Advance the Ecosystem: XSEDE will advance the ecosystem by creating an open and evolving e- 
infrastructure and enhance the technical expertise and support services offered. 
 
Sustain the Ecosystem: XSEDE will sustain the ecosystem by ensuring and maintaining a reliable, 
efficient, and secure infrastructure, and providing excellent user support services. XSEDE will further 
operate an effective, productive, and innovative virtual organization. 
 
 
The XSEDE project is operational in nature and is unlike a research project in that, in XSEDE, the 
expectations and offerings are constantly evolving and are a direct result of the community needs, 
available CI resources and NSF strategies. While operating in a continued state of CI resource and 
community needs evolution, it is impractical to define long term goals that are more detailed than 
the Strategic Goals above, as doing so may unintendedly constrain the project in ways unknown at 
the present time. There is direct alignment between the mission statement and Key Performance 
Indicators for every level 2 area, and the project’s strategic goals. In addition, each annual program 
plan contains specific goals for each level 2 area and level 3 group. 
 
The XSEDE project uses a wiki that is largely open to the public. The home page of the staff wiki can 




The XSEDE Staff Wiki is located at:  https://confluence.xsede.org/display/XT/XSEDE+Staff+Wiki 
 
B. Description of the project deliverables, milestones and schedule 
 
Project Deliverables: 
● High level transition plan for the solicitation of a successor project 
● Detailed transition plan once the successor(s) have been announced 
● A comprehensive performance management plan detailing how the XSEDE project is performing 
against expectations as well as its impact on the research community 
● Annual “XSEDE Highlights” booklet with key research projects supported by the XSEDE project 
● XSEDE Resource Allocation Services (XRAS) 
● A Software Repository of approved tools and software that is supported by the XSEDE project 
● A public Wiki page containing information and documents about the XSEDE organizational 
structure as well as the governance and operation of the XSEDE project 
● Documented Use Cases that capture the community needs 
● Capability Delivery Plans that document the solutions XSEDE is integrating into the ecosystem 
and the process for doing so 
● Evaluation and assessment reports of the External Evaluators 
● Training materials and online resources delivered to the community 
● Cybersecurity Plan 
● Annual Program Plan will be provided to NSF prior the beginning of each project year detailing 
the governance, management and specific milestones to be reached by each of the service areas 
in the upcoming XSEDE project year. The Annual Program Plans will be stored on the wiki and 
can be found here: https://confluence.xsede.org/display/XT/Annual+Program+Plans 
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D. Work Breakdown Structure dictionary defining the scope of the WBS elements 
 
2.1. Community Engagement & Enrichment (CEE) 
 
Mission: To actively engage a broad and diverse cross-section of the open science community, 
bringing together those interested in using, integrating with,  enabling, and enhancing the 
national cyberinfrastructure including support of learning and workforce development via 
training and education efforts. CEE supports XSEDE’s strategic goals with the following activities: 
● Deepen and Extend Use 
○ Extend use to new communities 
○ Deepen use to existing communities 
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○ Preparing the current and next generation 
○ Raise awareness of the value of advanced digital research services 
● Sustain the Ecosystem 
○ Provide excellent user support 
● Advance the Ecosystem 
○ Enhancing the array of technical expertise and support services 
 
The core of Community Engagement & Enrichment (CEE) is the user, broadly defined to include 
anyone who uses or may potentially use the array of resources and services offered by or via 
XSEDE. The CEE team, led by co-PI and L2 director Kelly Gaither (TACC), is dedicated to actively 
engaging a broad and diverse cross-section of the open science community, bringing together 
those interested in using, integrating with, enabling, and enhancing the national 
cyberinfrastructure. Vital to the CEE mission is the persistent relationship with existing and 
future users, including allocated  users, training  participants, XSEDE Conference attendees, 
XSEDE collaborators, and campus personnel. 
 
The five components of CEE are User Engagement, User Interfaces & Online Information, 
Campus Engagement, Workforce Development (including Training, Education & Student 
Preparation), and Broadening Participation. These five teams will ensure routine collection and 
reporting of XSEDE’s actions to address user requirements. They will provide a consistent suite 
of web-based information and documentation and engage with a broad range of campus 
personnel to ensure that XSEDE’s resources and services complement those offered by 
campuses. Additionally, CEE teams will expand workforce development efforts to enable many 
more researchers, faculty, staff, and students to make effective use of local, regional, and 
national advanced digital resources. CEE will expand efforts to broaden the diversity of the 
community utilizing advanced digital resources. The CEE team will tightly coordinate with the 
rest of XSEDE, particularly Extended Collaborative Support Services, Resource Allocation 
Services, Community Infrastructure, and External Relations. 
 
2.1.1.    Director’s Office 
The L2 Director’s Office has been established to provide the necessary oversight to ensure the 
greatest efficiency and effectiveness of the L2 area. This oversight includes providing direction 
to the L3 management team, coordination of, and participation in, L2 planning activities and 
reports through the area’s Project Manager. The Director’s Office also attends and supports the 
preparation of project level reviews and activities. 
 
2.1.2. Workforce Development 
2.1.2.1. Training 
The Training team will develop and deliver training programs to enhance the skills 
of the national open science community and ensure productive use of XSEDE’s 
cyberinfrastructure. XSEDE will expand the breadth and depth of XSEDE training 
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content based upon a gap analysis of current programs and needs identified by 
the User Engagement team. XSEDE will expand on existing training roadmaps to 
include information on which training courses have been vetted and provide 
pointers to materials available from XSEDE as well as external training providers. 
Survey data will be collected to assess and improve upon respondents’ abilities to 
easily find the needed material. 
 
The training team will fully implement the XSEDE training certification program for 
users and staff in an effort to recognize learners who demonstrate competencies 
attained through participation in XSEDE training offerings, enabling them to gain 
recognition for their accomplishments. The Moodle Learning Management System 
and Mozilla’s Open Badges Infrastructure (OBI) are the basis for implementation. 
Badges for an additional three competencies will be offered in PY6 with a goal to 
issue at least ten badges to XSEDE staff and fifty badges to XSEDE users, with 10% 
growth planned for successive years. 
 
During PY5 of XSEDE, we will offer short duration Massive Open Online Courses 
(MOOCs). Based on a user assessment of these MOOCs, XSEDE will enrich the 
interactive and hands-on portions of these training offerings and transform them 
into smaller, more effective SPOCs (Small Private Online Courses) offered 
quarterly. Past evaluation data shows SPOC students were much more motivated 
and had a higher completion rate when provided with mentoring and a badge or 
university credit. 
 
XSEDE will coordinate training development and offerings with campus 
representatives and HPC centers interested in developing, delivering, and/or using 
training materials. The University of Illinois’ Computational Science and 
Engineering group, the Software Carpentry group, and the Data Carpentry groups 
have committed to collaborate with XSEDE. These collaborations will gather user 
requirements for training, share plans for developing training materials among 
these groups, and foster sharing of training development and the resulting 
materials. The objective is to expand the breadth and depth of training so 
researchers, users, students, and XSEDE staff will have ready access to an ever- 
expanding portfolio of training opportunities delivered via live, broadcast, and 





The education team will work closely with training and student preparation to 
create a cohesive team supporting faculty in all fields of study about advanced 
digital technologies, and incorporating those capabilities within the  
undergraduate and graduate curriculum. XSEDE will develop an online community 
for faculty to share experiences and get advice on curriculum materials and 
development. XSEDE will work with faculty to develop 50 new, re-usable learning 
modules and materials. This will include modules for introducing computation and 
data-enabled techniques within STEM classes and student oriented projects. 
XSEDE will disseminate educational materials to provide public access to a 
growing base of peer-reviewed materials that will enhance the graduate and 
undergraduate experience and contribute to preparing future generations. 
 
The education team will visit campuses and attend regional workshops for faculty. 
This outreach has proven to be crucial in engaging faculty with integrating 
computational and data-enabled tools and methods into the curriculum. The 
campus visits and faculty support have been instrumental in motivating and 
assisting departments and colleges with developing certificate and degree 
programs. The outreach also helps raise awareness and usage of the repository of 
training and education materials available from the XSEDE User Portal for re-use 
by the community. 
 
2.1.2.3. Student Preparation 
The Student Preparation program will actively recruit students to use the 
aforementioned training and education offerings to enable the use of XSEDE 
resources by undergraduate and graduate students. Evaluation data show XSEDE’s 
overwhelmingly positive impact preparing college students to conduct 
computational science and research. XSEDE will reach thousands of students 
annually via the vast array of training offerings. XSEDE will provide badging and 
certification for students on a diverse range of topics including parallel 
programming, visualization, data analytics, and software engineering practices. 
XSEDE will broaden participation by engaging with students via conference 
exhibitions, campus visits, regional workshops, and national conferences. 
XSEDE will reach out to externally funded student programs, such as NSF Graduate 
Research Fellows, the NSF Research Experience for Undergraduates (REU), 
Integrative Graduate Education and Research Traineeship (IGERT), and Broadening 
Participation in Computing programs. The student preparation program will also 
establish partnerships with national student organizations (e.g. SIAM, ACS, ACM). 
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The students in these programs will have the opportunity to access XSEDE’s 
resources and services, including the workforce offerings. 
 
2.1.2.4. Broadening Participation 
Broadening Participation will engage underrepresented minority researchers from 
domains that are not traditional users of HPC, and from Minority Serving 
Institutions. This target audience ranges from potential users with no 
computational experience to computationally savvy researchers, educators, 
Campus Champions, and administrators that will promote change at their 
institutions for increased use of advanced digital services for research and 
teaching. 
 
XSEDE will provide awareness activities—conference exhibitions, campus visits, 
and regional workshops—while increasing national impact through new 
partnerships such as the Southern Region Education Board Doctoral Scholars 
Program, the Institute for African-American Mentoring in Computing Sciences, 
and the Computing Alliance for Hispanic-Serving Institutions. XSEDE will 
aggressively promote the submission of papers at professional societies by XSEDE 
under-represented users and expand our dissemination partners to include new 
initiatives such as the IEEE Special Technical Committee on Broadening 
Participation. 
 
Persistent participation is enabled by curriculum reform and larger numbers of 
researchers adopting the use of advanced digital resources as standard methods. 
Collaboration with Campus Engagement and Education will support institutional 
change and capacity building. XSEDE will target institutions with funded initiatives 
to implement curriculum changes and increase research capacity. 
 
Using the model of the Service Provider Forum, an XSEDE Diversity Forum will be 
established with outreach and diversity managers at HPC centers and on 
campuses. The forum participants will share best practices, identify ways to 
leverage XSEDE activities, and review XSEDE programs to ensure they are 
encouraging diversity. The diversity forum will be responsible for engaging new 
national programs and initiatives, institutions with funding to make curriculum 
change and research infrastructure investments, and major research grant awards 
at MSIs or with a focus on broadening participation. 
2.1.3. User Engagement (UE) 
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The mission of the User Engagement (UE) team is to capture community needs, requirements, 
and recommendations for improvements to XSEDE’s resources and services, and report to the 
national community how their feedback is being addressed. The UE team will process and track 
actionable items obtained from user feedback and monitor them throughout the UE loop, from 
assignment to a responsible XSEDE party through communication of subsequent actions back to 
the user community. To obtain user feedback, we will engage users of XSEDE’s resources and 
services to gauge overall satisfaction, pervasive problems, emerging needs, and requirements. 
Integral to this process is the derivation of requirements from diverse sources—micro-surveys, 
user satisfaction surveys, user interviews—and turning them into actionable Use Cases that can 
be tracked and handled in all areas of the XSEDE organization. The UE team will use tools 
provided by the XSEDE Project team including JIRA and issue tracking software to monitor 
requests and enhancements linked to the stakeholders who originated the requirement. The UE 
team will use this feedback to create a lightweight Use Case document—an encapsulation of 
user needs via scenarios—attach it to the JIRA issue, and assign it to the responsible XSEDE area. 
UE personnel will provide issue status on the user portal to keep the stakeholders and the 
general community apprised of progress on actionable items. This ongoing feedback loop will 
encourage further community input for improving XSEDE’s resources and services. 
 
2.1.4. Broadening Participation (BP) 
Broadening Participation will engage underrepresented minorities, women, and Minority 
Serving Institution faculty and students. BP will provide awareness through conference 
exhibiting, campus visits, and training events —while increasing national impact through new 
partnerships with other organizations focused on inclusion and diversity such as National 
Council of Women in Technology (NC-WIT) and the Institute for Broadening Participation (IBP). 
 
2.1.5. User Interfaces & Online Information (UII) 
The website is the first place XSEDE stakeholders come to find information about the project, 
addressing the needs of internal and external stakeholders. The website and user portal will be 
improved to create a more consistent and easy-to navigate look and feel. The User Interfaces & 
Online Information (UII) team will develop an information architecture to support a variety of 
stakeholders. This information-centric approach is rooted in the ability to answer fundamental 
questions when browsing the website: Am I in the right place? Do they have what I am looking 
for? What do I do now? The redesign will include a new layout, enabling a single web and 
mobile site regardless of device type. The UII team will expand mobile capabilities and build 
upon the new iOS and Android applications. Managing and publishing approved content to the 
site will be handled via workflows that enable multiple members of XSEDE to contribute in an 
organized and effective manner. 
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Prospective and current users of XSEDE quickly navigate from the website to the XSEDE User 
Portal for user and project related needs. For example, PIs can apply for and manage allocations, 
and record their research accomplishments via the publications feature in the Portal. UII will 
expand the initial XSEDE User Portal to integrate features such as data management, job 
execution, and task management. The UII team will incorporate the XSEDE software catalog and 
its administrative interface and continue to improve capabilities based on stakeholder feedback. 
 
The UII team manages documentation enabling users to easily find resource and service 
offerings. In addition, the UII team will enable users to create a dynamic environment and tailor 
the user portal experience to their individual needs. For example, users with allocations on 
multiple XSEDE resources will be presented with content related to those specific resources, e.g. 
job submission. 
 
2.1.6. Campus Engagement 
Ongoing communication and cooperation with campuses will help to ensure that the resources 
and services being offered on campuses complement those offered by XSEDE, and vice-versa. 
This collaboration will enhance the advanced digital resources and services provided to the 
community. 
 
The Campus Champions effort has established Memoranda of Understanding (MOUs) with more 
than 190 campuses. On these campuses there are more than 250 Campus, Domain and Student 
Champions focused on assisting local users to make informed choices of resources and services 
that may best meet their needs. The Campus Engagement effort will extend XSEDE’s 
relationship with campus personnel by establishing regular communications with CIOs and VPs 
for research. 
 
CIOs have indicated that they value communicating with each other and with XSEDE staff to plan 
the development and delivery of resources and services on their campuses. There will be 
monthly conferences calls, email lists, and forums for CIOs and VPRs to share challenges, 
solutions, and information. Other campus individuals who have service roles complementary to 
XSEDE (e.g. cyberinfrastructure integration and support, training, education, and broadening 
participation) will be engaged to enhance cooperation among campuses and XSEDE. 
 
The Campus Engagement program will collect information from each campus quarterly to assess 
the level of activity in working with local users. The Campus Engagement team will provide 
additional training and consulting, and work with campuses to strengthen their Champion’s 
productivity and engagement. Campus Engagement will enhance the “Welcome Wagon/New 
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Champion Development” efforts to provide individualized attention to new Champions so they 
can more quickly become actively engaged. 
 
The number of campus members has more than doubled in four years, and we project this 
growth rate to continue based on continuing requests from campuses. To address this rapid 
growth, the XSEDE Regional Champions program is actively developing models for regional 
support. The lessons learned from the Regional Champions program will guide further 
improvements for scaling support of the member campuses. XSEDE alone will not be able to 
sustain the support needed for the predicted growth of the program. Through collaborations 
with ACI-REF, Open Science Grid, and the SP Forum, the Campus Engagement program will 
develop strategies for long-term sustainability. 
 
2.2. Extended Collaborative Support Service (ECSS) 
 
Mission: Improves the productivity of the XSEDE user community through successful, 
meaningful collaborations to 
● optimize their applications, 
● improve their work and data flows, and 
● increase their effective use of the XSEDE digital infrastructure and 
● broadly expand the XSEDE user base by engaging members of underrepresented 
communities and domain areas 
 
ECSS supports XSEDE’s strategic goals with the following activities: 
● Deepen and Extend Use 
○ Extend use to new communities 
○ Deepen use to existing communities 
○ Preparing the current and next generation 
 
Domain scientists should not have to be experts in all areas of cyberinfrastructure to achieve 
their goals. The ECSS program provides dedicated staff who develop deep, collaborative 
relationships with XSEDE users, helping them make best use of XSEDE resources to advance their 
work. These professionals possess combined expertise in many fields of computational science 
and engineering. They have a deep knowledge of underlying computer systems and of the  
design and implementation principles for optimally mapping scientific problems, codes, and 
middleware to these resources. ECSS includes experts in not just the traditional use of petascale 
computing systems but also in data-intensive work, workflow engineering, and the enhancement 
of scientific gateways. 
 
ECSS collaborations complement initial engagements with users through the XSEDE Operations 
Center helpdesk and CEE. They last for at least one month and are expected to have significant 
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deliverables within a year. Staff members typically spend 20-25% of their time on a single 
project, but there is flexibility in how these projects unfold. 
 
ECSS support is usually requested by researchers via the XSEDE peer-review allocation process. 
If reviewers recommend support and if staff resources are available, the ECSS expert and the 
requesting PI develop a work plan outlining the project tasks. The work plan includes concrete 
quarterly goals and staffing commitments from both the PI team and ECSS. ECSS managers 
review work plans and also track progress via quarterly reports. But ECSS is often proactive, 
reaching out to groups. The Novel and Innovative Projects group within ECSS reaches out to 
communities which have not traditionally been users of advanced computing, while the 
Community Codes group works with developers to improve the performance of widely used 
community codes. 
 
ECSS staff also provides the expertise for the CEE training program and will assist the Resource 
Allocation Service by conducting allocation reviews of smaller-scale Research requests and all 
Educational requests. For XCI, ECSS will provide use cases and participate in technical reviews. 
 
 
2.2.1. Directors Office 
The L2 Director’s Office has been established to provide the necessary oversight to ensure the 
greatest efficiency and effectiveness of the L2 area. This oversight includes providing direction 
to the L3 management team, coordination of, and participation in, L2 planning activities and 
reports through the area’s Project Manager. The Director’s Office also attends and supports the 
preparation of project level reviews and activities. 
 
2.2.2. Extended Support for Research Teams (ESRT) 
ESRT is a subarea of the XSEDE Collaborative Support Service (ECSS) focused on the support of 
research teams. Research team support includes, but is not limited to performance analysis, 
petascale optimization, effective use  of accelerators, I/O optimization, data analytics, 
visualization, and domain knowledge. This support is provided by staff members organized 
under ECSS who provide expertise in computational sciences, domain science (many at the 
doctoral level), data analysis, scientific applications, and visualization. 
 
2.2.3. Novel & Innovative Projects (NIP) 
NIP proactively develops projects in areas of science and scholarship that have traditionally not 
used advanced CI, such as bioinformatics, machine learning; image, text and social network 
analysis. It focuses on leveraging the science gateway, virtual environment, and data hosting and 
analysis capabilities of XSEDE service providers, steering nontraditional user groups to the most 
suitable resources, and mentoring them to ensure the success of their projects. 
 
NIP  will  focus  on  efficiently  exploiting  the  capabilities  of  new  SPs  and  complementary 
components of the national advanced computing and data ecosystem. NIP experts will work 
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closely with SPs, recruit and steer appropriate user groups to the most suitable resources, and 
mentor them to ensure the success of their projects. In particular, the efficient use of the science 
gateway, virtual environments, and data hosting and analysis support offered by the new SPs 
should significantly boost the return on NIP effort. These environments promise to greatly 
reduce the barriers between end-users and the advanced computing ecosystem, especially for 
people in non-STEM fields and at under-resourced institutions. 
 
NIP will expand its efforts to additional disciplines, such as computational mathematics, 
applications of geographical information systems, and the arts. Suggestions will be sought from 
advisory bodies, NSF program directors, and XSEDE internal sources. To improve its impact on 
underserved minorities, NIP will further strengthen its collaboration with CEE, paying special 
attention to the development and mentoring of projects that improve the quality and efficiency 
of teaching at under-resourced institutions. We will use the contract hiring and Domain 
Champion recruitment processes, as well as the Campus and Regional Champion programs, to 
ensure active participation by underrepresented groups in the work of NIP. 
 
2.2.4. Extended Support for Community Codes (ESCC) 
Extended Collaborative Support for Community Codes (ESCC) extends the use of XSEDE 
resources by collaborating with researchers and community code developers to deploy, harden, 
and optimize software systems necessary for research communities to create new knowledge. 
ESCC projects include collaboration with the developers of widely used community applications 
and models. 
 
ESCC projects can be proposed by the developers of community codes, the ESCC manager or 
suggested by staff, XSEDE leadership, and advisory boards. Priority will be given to helping 
projects funded by NSF programs (e.g., PetaApps, SDCI, STCI, SI2, MREFC) to generate robust, 
sustainable, and maintainable community applications. XSEDE also supports user-controlled 
Community Software Areas (CSAs) where any developer can get an account and install and 
publicize their software. The ability to request CSAs will be featured more prominently in XSEDE. 
 
2.2.5. Extended Support for Science Gateways (ESSGW) 
Science Gateways are community-designed, web-based interfaces that build on XSEDE (and 
other) resources to provide services to their communities. Gateways play a critical role in 
expanding XSEDE’s user base and account for 40% of all XSEDE users. But the needs of gateway 
developers can be significantly different from those of researchers requesting other types of 
ECSS assistance. Gateways require well-defined, secure, web-accessible programming 
interfaces which are used for remote job submission, monitoring, and management; remote file 
and data management and transfer; and information services describing the state of hardware 
and networks, available software, queuing systems wait times, and similar information. ESSGW 
staff can often use lessons learned working with one user team to advise another. Best practices 
will  continue  to  be  captured  through  activities  like  the  gateway  cookbook.  ESSGW  staff 
18  
 
members also bring in expertise in areas such as workflows, data analytics and digital humanities 
and often recruit new gateways through their connections in the community. 
 
2.2.6. Extended Support for Education, Outreach & Training (ESTEO) 
ESTEO coordinates bringing technical expertise of ECSS staff members to support CEE efforts. 
ESTEO staff deliver training in many venues—at XSEDE sites, on campuses, at conferences and 
offered virtually, as well as serve on committees within XSEDE’s CEE area to jointly plan and 
support these activities. ESTEO experts develop, review, and present technical content in all 
areas of ECSS expertise, review education allocation requests and also serve as mentors for 
Campus Champions Fellows. 
 
The Campus Champions Fellows program pairs XSEDE Campus Champions with ECSS staff 
members to work together on ECSS projects for one year. Fellows commit 400 hours per year 
and receive a stipend and travel support in order to participate. For ECSS staff, acting as a 
mentor to a Fellow counts as an additional ECSS project, allowing time to participate 
substantially in the mentoring exercise. The goal is to enhance the effectiveness of Fellows on 
their campus. 
 
2.3. XSEDE Community Infrastructure (XCI) 
Mission: To facilitate interaction, sharing and compatibility of all relevant software and related 
services across the national CI community by building and improving on the foundational efforts 
of XSEDE. XCI supports XSEDE’s strategic goals with the following activities: 
● Sustain the Ecosystem 
○ Provide reliable and secure infrastructure 
● Advance the Ecosystem 
○ Create an open and evolving e-infrastructure 
 
 
Through XCI, XSEDE will serve as an aligning function within the nation not by rigorously defining 
a particular architecture, but rather by assembling a technical architecture that facilitates 
interaction and interoperability across the national CI community. The suite of interoperable and 
compatible software tools that XSEDE will make available to the community will be based          
on those already in use by XSEDE, such as Globus. XSEDE will also add additional services that 
address emerging needs, including data and computational services. The software and tools 
distributed by XSEDE will adhere to widely held community standards that will provide a 
foundation for a high degree of interoperability and compatibility among the CI community 
partners. 
 
XCI is responsible for understanding the community infrastructure requirements in the form of 
use cases gathered by the XSEDE User Advisory Committee (UAC), XSEDE users via CEE, XD SPs, 
and commercial cloud service providers. XCI uses those requirements to identify existing tools 
and services that meet those requirements or identifies and evaluates new tools from the 
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community that do so. After testing those tools to ensure proper security and integration with 
existing XSEDE services and tools, they will be tested with the stakeholders that requested them 
to ensure they address the expressed needs. The tools and services will then be made available 
in the XCSR along with instructions on how to deploy them. XCI will work with CEE to promote 
the availability of these new capabilities and hold regular workshops and training to assist the 
community in their deployment. Feedback will be requested regularly on how well these 
capabilities are meeting or can be extended to better meet the requirements of the community. 
 
XCI will create the XSEDE Community Software Repository (XCSR), a service and tool catalog 
available to the national community via the XSEDE website. This catalog will list all services and 
tools, which SPs have them installed, and links to the source code and/or installation packages 
along with documentation necessary to install and configure them. A list of all use cases, their 
stakeholders, and current status will also be cross-referenced with each service or tool. This 
information will inform discussions of priority and importance with stakeholders and the 
national community. All this information will be stored in the XCSR, a core deliverable and 
vehicle for our handoff strategy to the XSEDE successor(s) at the end of PY10. 
 
XSEDE is moving from a direct support model to a subscription model. XCI will identify 
opportunities to leverage cloud providers for selected elements of service delivery in order to 
provide a sustainable and scalable approach for integrating critical services and tools into the 
ecosystem. We will also provide gateway-hosting services as part of the XSEDE organizational 
infrastructure—hosted within XSEDE on a server to be called XGH (XSEDE Gateway Hosting), 
based on a refresh of the existing Quarry Gateway Hosting. We expect that over time XSEDE will 
adopt more cloud-hosted services for its technical infrastructure. Rather than treating these 
services as part of XSEDE operations, we will take a peer-to-peer approach where XSEDE will 
interact, contract, and report on the value of such cloud-like infrastructure services as part of 
our community interaction activities. 
 
Because return-on-investment will be a priority, we will also work with outside developers and 
software providers to instrument their tools so we can measure usage in a consistent way so as 
to ultimately feed into XDMoD—the portal by which we share resource and service usage 
information. Software as a Service (SaaS) providers such as Globus and Science Gateways will be 
required to provide usage data as well. It will not be possible or even practical to instrument all 
codes for usage tracking, but anything that requires a significant financial or personnel 
investment by XSEDE will be an important target. Working with the community, we will 
communicate this aspect as a critical part of developing community code. We will provide 
examples and workshops where possible to assist the community in this effort, or a request can 
be made for ECSS support. 
 
2.3.1. Director’s Office 
The L2 Director’s Office has been established to provide the necessary oversight to ensure the 
greatest efficiency and effectiveness of the L2 area. This oversight includes providing direction 
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to the L3 management team, coordination of, and participation in, L2 planning activities and 
reports through the area’s Project Manager. The Director’s Office also attends and supports the 
preparation of project level reviews and activities. 
 
2.3.2. Requirements Analysis & Capability Delivery (RACD) 
The Requirements Analysis and Capability Delivery (RACD) team prepares and supports software 
and services that: 1) enable user access to and use of XSEDE federated infrastructure, and 2) 
enable infrastructure and service providers to federate with XSEDE. Starting from XSEDE 
prioritized user requirements (use cases) RACD coordinates the engineering work necessary to 
integrate software and services into production at SPs and campuses, as XSEDE central services, 
as external vendor services, or on user personal systems. RACD uses engineering best practices 
and tools, works with external vendors and software partners to minimize integration cost to 
XSEDE, and aims to maximize ROI to XSEDE and the NSF. The RACD Engineering Overview can be 
viewed here on the XSEDE wiki:  
https://confluence.xsede.org/display/XT/WBS+2.3.2+RACD+Engineering+Overview 
 
All of the software implementation, dissemination, and support will be carried out with a sense 
of “enabled by XSEDE,” rather than “created and branded XSEDE.” Software will be distributed 
to the XSEDE community through the XCSR. CI operators and the national user community will 
be enabled and encouraged to treat this repository much like a large menu—where people who 
manage a CI resource can select those tools that are relevant to the needs of their resource users 
and the purpose of their CI resource. XSEDE will recommend tools that are appropriate for use 
in a particular circumstance, or the sets of tools for particular CI provider groups (e.g., Level 1 
SPs or campus resources). XCI will create and manage use case capability delivery plans. These 
plans may be put on hold if constraints limit XSEDE’s ability to deliver a capability, or there is 
insufficient ROI. 
 
2.3.3. Capability & Resource Integration (CRI) 
The CRI team will manage and coordinate working with SPs and campuses to maximize the 
aggregate utility of national cyberinfrastructure. For SP integration, CRI will have an SP 
coordinator who will focus on XSEDE interactions with SPs and the SP Forum. CRI will also engage 
with other national CI organizations such as ACI-REF, EDUCAUSE, SURA, CASC, the Open Science 
Grid, and campus CI providers. These interactions will play a strong role in cost/benefit analyses 
and priority setting. They will inform and help all CI providers serving the U.S. research 
community understand each other’s needs and the needs faced by their users, promote best 
practices, and synergize provided services. By working with CRI, CI providers will gain a clear 
understanding of the costs and benefits of interoperability and interaction with XSEDE. CRI will 
extend and complement Campus Bridging activities in PY1-5 by establishing closer links with 
organizations that make use of these technologies and soliciting input and greater participation 
from these stakeholder organizations. 
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CRI will help CI providers of particular system types by creating “toolkits” within the XCSR that 
correspond to common usage modalities. The first of these toolkits will be the XSEDE National 
Integration Toolkit (XNIT). XNIT will include tools that can be installed on a campus cluster to 
promote interoperability with the national cyberinfrastructure, including XSEDE. XNIT will largely 
replace what is now called the XSEDE Compatible Basic  Cluster (XCBC); however, we will 
maintain a Rocks distribution of the XCBC for those interested in new cluster installations. XNIT 
will include a “laptop suite” of tools that can be installed on a workstation or laptop computer 
at any site, with infrastructure and scientific software to enable researchers to interact 
effectively with the national cyberinfrastructure from their own personal system. 
 
2.4. XSEDE Operations 
 
Mission: XSEDE Operations installs, connects, maintains, secures, and evolves an integrated 
cyberinfrastructure that incorporates a wide range of digital capabilities to support national 
scientific, engineering, and scholarly research efforts. XSEDE Operations supports the project’s 
strategic goals with the following activities: 
● Sustain the Ecosystem 
○ Provide reliable and secure infrastructure 
○ Provide excellent user support 
 
XSEDE Operations will maintain and evolve an integrated CI capability of national scale, 
incorporating a wide range of digital capabilities to support the diverse national scientific and 
engineering research effort. XSEDE will provide first-class facilities, support, and services for 
users via improved technical capabilities and services, coordinated operation of distributed 
resources, an operations center, and highly accessible documentation. Operations will innovate 
by providing new insight and business intelligence in guiding decision making through expanded 
trend tracking and monitoring, and the analysis and dashboard visualization of operational data 
related to the ticket system, data transfers, and other collected operational information.  XSEDE 
Operations will build upon the current operational successes with continued improvement 
based on XSEDE management guidance, advisory inputs, NSF review panel recommendations, 
and increased interactions with other CI providers (Blue Waters, NCAR, OSG). 
 
2.4.1. Directors Office 
The L2 Director’s Office has been established to provide the necessary oversight to ensure the 
greatest efficiency and effectiveness of the L2 area. This oversight includes providing direction 
to the L3 management team, coordination of, and participation in, L2 planning activities and 
reports through the area’s Project Manager. The Director’s Office also attends and supports the 
preparation of project level reviews and activities. 
 
2.4.2.Cybersecurity 
The Cybersecurity group will continue to expand and improve XSEDE security while minimizing 
impact on users and their productivity. To further increase awareness and rapid response to 
 
 
threats, knowledge from individual sites will be aggregated and applied across all of XSEDE. A 
real-time intelligence sharing service for SPs will be deployed that will leverage the Research and 
Education Networking Information Sharing and Analysis Center (REN-ISAC) Collective Intelligence 
Framework (CIF) for exchanging attack intelligence. The CIF is an NSF-funded project to    
improve local protection against cyber threats by sharing security event information in near- real 
time. This real-time intelligence will feed into a system that will shunt traffic related to the IP 
addresses of bad actors such as password attackers or network scanners into a black hole 
network, thereby eliminating the threat. We will extend this service beyond XSEDE sites to 
include campus participants and operators of Science DMZs. We will further extend our 
intelligence system to perform cross-site analysis to look for scans, account attacks, and other 
suspicious activities that don’t reach thresholds at any one site but do trigger an alert when the 
same action is identified across multiple sites. This derived intelligence will then be shared with 
all participating sites. This has promise to transform our security ability to monitor and respond 
to a broad spectrum of attacks, with concomitant potential impact on the entire national CI 
ecosystem. The widespread deployment of virtual machine technologies including Docker and 
OpenStack highlights the critical need to understand cybersecurity best practices for these 
environments. Similar issues result from the adoption of public, private, and hybrid cloud 
services. We will develop best practices around these topics, document them, and aggressively 
work to disseminate this information. Outreach to campus CIOs and IT staff through the CEE 
Campus Engagements program, and Science DMZ operators will further include a collaborative 
effort working with ESnet, the Bro Center of Excellence, and the new Cybersecurity Center of 
Excellence with the goal of further documenting and training campus operators in security best 
practices. Finally, we will also develop specific training for security staff at XSEDE SPs to cover 
policy, process, controls, and best practices within XSEDE. 
 
2.4.3. Data Transfer Services (DTS) 
Data Transfer Services (DTS) will focus on end-to-end data transfer performance, functionality, 
and efficiency in user workflows between instruments, resources, centers,  and  campuses. 
Where applicable, DTS will leverage emerging analytics capabilities and software defined 
networking (SDN) tools to improve performance, provide quality of service capabilities, and 
monitor network health and efficiency. The scope of these end-to-end efforts will include the 
Internet2 network that underpins the national XSEDEnet wide-area network, and, working in 
conjunction with site-local contacts, the data transfer nodes and local networks at XSEDE SP 
sites. 
 
2.4.4. XSEDE Operations Center (XOC) 
The XSEDE Operations Center provides 24x7 helpdesk support via ticket system and call center, 
as well as 24x7 monitoring of critical services. The XOC resolves common problems, answers 
common questions, and routes other tickets and calls appropriately to WBS groups or XSEDE 
service providers, usually within several minutes. On the monitoring side, the XOC evaluates 
and documents any critical incidents, contacts the appropriate administrators, and remains a 





2.4.5. Systems Operational Support (SysOps) 
The SysOps group provides system administration and monitoring for all of the approximately 
50 XSEDE centralized services. SysOps provides 24x7 monitoring and high availability for critical 
services for XSEDE, including geographically distributed backup and failover capabilities for 
enterprise services. SysOps will continue to employ server virtualization to control costs without 
sacrificing high availability. 
 
 
2.5. Resource Allocations Service (RAS) 
 
Mission: The Resource Allocations Service (RAS) connects users to resources that can help meet 
their science needs, using well-defined procedures and integrated infrastructure to ensure the 
most efficient and effective use of these limited resources. RAS supports XSEDE’s strategic goals 
with the following activities: 
● Sustain the Ecosystem 
○ Provide reliable, efficient, and secure infrastructure 
○ Provide excellent user support 
 
RAS will build on XSEDE’s current allo catio n pro cesses and evolve to meet the challenges 
presented by new types of resources to be allocated via XSEDE, new computing and data 
modalities to support increasingly diverse research needs, and large-scale demands from the 
user community for limited XSEDE-allocated resources. RAS will accomplish its objectives 
through three activities: 
1. Carry out the NSF-approved allocation policies and manage the quarterly Research 
opportunities for large-scale allocation requests, including the associated meetings of the 
XSEDE Resource Allocations Committee (XRAC). The service also handles other allocation 
requests for Startups, Educational projects, transfers, extensions, and so on, coordinating all 
these activities with the Service Providers. 
2. Maintain and improve the interfaces, databases and data transfer mechanisms for XSEDE- 
wide resource allocations, accounting of resource usage, and user account management. 
These systems include XDCDB, the XSEDE accounting system, and the XSEDE Resource  
Allocations Service (XRAS) 
3. Analyze trends in the availability and use of resources, current technologies, computational 
science applications, and user requirements to inform project governance. 
 
Supporting the XSEDE allocation and SP activities, RAS will also increase its analytics focus and 
mine the XSEDE Central Database (XDCDB) to document and project user demand for high-end 
CI resources. Such efforts will help SPs meet their award deliverables and provide NSF with data 
it can use to guide the direction of national CI investments. Coordinated within the RAS office 
of the director and working closely with the XD Metrics Service (providers of XDMoD) and XSEDE 
Evaluation Team, this analytics effort will investigate metrics-driven approaches to improving 
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allocations processes and policies (including  NSF  policies) to better meet user needs and 
steward national investments in CI. For example, we will conduct analyses leveraging user 
survey data, XDMoD usage reports, allocation requests and awards, and the XSEDE publications 
database to understand how users have adapted to the severe resource constraints over the 
past several years and to identify possible responses from XSEDE, the SPs, or NSF. 
 
2.5.1. Director’s Office 
The L2 Director’s Office has been established to provide the necessary oversight to ensure the 
greatest efficiency and effectiveness of the L2 area. This oversight includes providing direction 
to the L3 management team, coordination of, and participation in, L2 planning activities and 
reports through the area’s Project Manager. The Director’s Office also attends and supports the 
preparation of project level reviews and activities. 
 
2.5.2. XSEDE Allocations Process & Policies 
Allocations will oversee the central XSEDE allocation process, a major focus of RAS. The most 
visible aspect will be support for the quarterly review by the XSEDE Resource Allocation 
Committee (XRAC) of larger-scale research requests. The XRAC also serves as a key advisory 
board for RAS and the allocations process. The XSEDE allocation manager will oversee and direct 
the peer-review process for the largest research proposals (currently nearly 200 submissions per 
quarter are reviewed by XRAC members) along with the review by XSEDE staff experts of dozens 
smaller-scale requests. The RAS team recruits new XRAC members as terms expire, makes review 
assignments, ensures reviews are completed, manages the logistics of the quarterly meetings, 
and initiates the resulting awards. 
 
The RAS team will support the review and handling of Startup, Education, and smaller-scale 
allocation requests. Furthermore, the RAS team will process requests, such as extensions, 
transfers and, to a lesser degree, supplements and appeals. It will coordinate the XSEDE resource 
guidance process, which leverages ECSS staff to help users identify the best resources for their 
projects prior to allocation request submission. 
 
To ensure that the allocations process meets the needs of XSEDE stakeholders, the RAS team 
will engage regularly with the SP Forum, SP allocations representatives, the XSEDE User Advisory 
Committee, the NSF, and the XRAC on improvements or changes needed to the allocation 
policies. They will review processes to manage the growing volume of requests and to allocate 
effectively the evolving and diversifying resource portfolio, such as: human resources for ECSS 
projects, non-traditional computational resources and, we anticipate, network bandwidth or 
quality of service with software-defined networking. The XSEDE allocation manager will 
implement any agreed-upon changes to the XRAC review and meeting format 
 




The XSEDE Allocations Procedure is also on the project wiki and can be found here: 
https://confluence.xsede.org/display/XT/XSEDE+Allocations+Procedure 
 
2.5.3. Allocations CI Enhancement & Maintenance 
Allocations, Accounting & Account Management (A3M): 
The RAS team will augment efforts to support the XSEDE Resource Allocation Service (XRAS) 
allocation management software. Given the intense demand for XSEDE-allocated resources, the 
RAS team will update XSEDE infrastructure components to better support researchers and 
educators in identifying the appropriate and available services across the ecosystem that can 
support their objectives, a need identified both by existing XSEDE use cases and by an NSF 
workshop. 
 
RAS efforts encompass  improvement, maintenance, and  operation of critical  services that 
enable and enhance the allocations process. Led by L3 manager Amy Schuele (NCSA), the XRAS 
activities not only will facilitate the allocation of resources but will also enable discovery of and 
access to other services, such as the resources operated by Level 2 and Level 3 SPs but not 
allocated via XSEDE—better informing users about the range of advanced digital services 
available to them. XRAS efforts will follow and leverage the processes and tools, including JIRA 
for feature tracking, defined by XCI. 
 
XRAS will be operated as a robust and stable service in support of XSEDE allocations processes 
and for client organizations. Support efforts will include maintenance updates to XRAS as XSEDE 
allocations policies evolve. Additional efforts will focus on enhancing the performance and 
reliability of the XRAS service and enhancing the reporting and metrics capabilities of the system. 
Because of the central and critical nature of XRAS to XSEDE, and in view of its anticipated value 
to the broader CI ecosystem, new XRAS features will be prioritized based on the collective inputs 
and feedback from users, XSEDE, the SPs, and other stakeholders. Finally, RAS will refine the 
sustainability and cost model for XRAS as a service. Building upon initial collaborations with 
NCAR and NCSA’s CADENS project, the team will work with other organizations that have 
expressed interest in the XRAS technology. The cost of work to support other organizations is 
not included in the XSEDE2 budget and will be covered by those organizations or through 
separate grants. 
 
The Resource Description Repository (RDR), part of XSEDE’s Infrastructure Discovery Services, 
will support XRAS and serve as a cornerstone for an enhanced RAS infrastructure. The RDR will 
serve as the foundation for a “Resource Selector” service that will guide users to CI resources 
and services that are relevant and available to them for their research needs. RAS will also 
formally define and complete the integration of the XRAS, accounting, and XSEDE User Portal 
components with the enhanced RDR. 
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The Allocations, Accounting & Account Management (A3M) Services provide centralized 
mechanisms that integrate usage across XSEDE-allocated SPs and support allocation review and 
management. To accommodate emerging  resources with  novel usage modalities, RAS will 
collaborate with XCI to define accounting use cases and implement enhancements to the A3M 
environment. The Account Management Information Exchange (AMIE) messaging service is a 
critical integration mechanism for the A3M Services. In collaboration with XCI, RAS will conduct 
a trade-off analysis to investigate the impacts of migrating the Accounting Service from the 
legacy AMIE transport system to a modern, open-source messaging service. RAS, XSEDE 
Operations, and XCI will work together to evaluate the current infrastructure and status of the 
XDCDB and, if necessary, migrate the XDCDB to an even more robust, high-availability and high- 
performance configuration and platform, with appropriate backup and continuity plans and 
processes. 
 
The XSEDE user publications database is essential to the XSEDE allocations process, to 
understanding XSEDE’s scientific impact, and to downstream XSEDE services such as gateways. 
This service will evolve to support RAS requirements in collaboration with CEE team efforts. 
 
The RAS infrastructure will adapt and evolve as other components of the XSEDE infrastructure 
evolve, i.e. Identity Management and Infrastructure Discovery Services. Because the XDCDB is a 
primary data source for XDMoD, RAS will ensure that XDMoD remains integrated with the 
allocations and accounting infrastructure. Through its interactions with the SP Forum and other 
stakeholders, RAS will also assess interest in building a community around CI management tools 
that support XSEDE and RAS integration. 
 
The RAS team will engage closely in the sustainability and transition plan from XSEDE to any 
successor program. The XDCDB encompasses a significant portion of the primary data products 
being generated and collected by XSEDE. These products will include allocation requests, review, 
and award information spanning more than two decades by the end PY10, more than a decade 
of system usage records spread over more than 50 resources, and user profile data including a 
database of tens of thousands of publications acknowledging XSEDE and SP support. Software 
maintained and enhanced by RAS, including XRAS, will be transitioned to a successor program 
according to procedures defined by XSEDE and the successor awardee(s). 
 
2.6. Program Office 
 
Mission: Ensure the critical project level functions are in place and operating effectively and 
efficiently and provide consistent guidance and leadership to the L2 directors and L3 managers 
across the project. The Program Office supports XSEDE’s strategic goals with the following 
activities: 
● Deepen and Extend Use 
○ Raise awareness of the value of advanced digital research services 
● Sustain the Ecosystem 
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○ Operate an effective and productive virtual organization 
○ Operate an innovative virtual organization 
● Advance the Ecosystem 
○ Enhancing the array of technical expertise and support services 
 
The XSEDE Program Office will ensure the Project Office; External Relations; Project 
Management, Reporting, and Risk Management; Business Operations; and Strategic Planning, 
Policy, and Evaluation teams will effectively support XSEDE project activities and ensure efficient 
and effective performance of all project responsibilities. By tightly aligning organizational units 
(by L2 WBS) with strategic goals, the team will simplify accountability and link effort and budget 
to important outcomes. This approach is consistent with best practices in the management of 
virtual organizations, where many traditional managerial practices do not apply directly due to 
the distributed and knowledge-intensive nature of the work. Clearly delineated responsibilities 
and interfaces reduce uncertainty and enable the autonomy and discretion required for 
scalability and success. This structure will provide project-wide alignment and coordination 
while at the same time allowing each organizational unit the autonomy to adapt to the ever 
changing needs and provide the best service possible to the XSEDE users, service providers and 
the community in general. 
 
2.6.1. Project Office 
The XSEDE Project Office will be led and managed by the University of Illinois’ NCSA with key 
partnerships instantiated via sub-awards. Illinois will ensure that an efficient and effective 
project governing structure is in place throughout the award period to support all significant 
project activities and ensure efficient and effective performance of all project responsibilities. 
 
2.6.2. External Relations (ER) 
ER will promote the resources and services provided by XSEDE and examples of its successful 
support for science, engineering, and education to internal and external stakeholders. The ER 
team will communicate upcoming events, project milestones and achievements, science 
successes, services and resources, etc. via the XSEDE website and other channels; research and 
write “science success stories” and media releases; distribute a monthly external newsletter and 
a monthly internal newsletter; coordinate and staff an XSEDE exhibit at each year’s SC 
Conference; promote the annual XSEDE Conference and create supporting materials; and grow 
the XSEDE social media presence. 
 
2.6.3. Project Management, Reporting & Risk Management (PM&R) 
The Project Management, Reporting and Risk Management (PM&R) team members have 
extensive experience applying project management principles to large, complex, distributed 
projects, including projects in the private sector, government, and XSEDE. As a focal point for 
XSEDE project management efforts, the PM&R team will develop and maintain an online Project 
Execution Plan (PEP) on the staff wiki. The PEP describes the standard operating procedures for 




Risk Management - Risk management is incorporated into the project at all WBS levels. The 
NCSA risk tool—originally developed for the Blue Waters project—will be used to register and 
monitor risks. Risk reviews will be conducted quarterly; high-risk items and mitigation strategies 
are included in the PEP. 
 
Project Change Management - As part of the XSEDE annual planning process, the project will 
define the schedule, milestones, budget, and scope. The PM&R team will ensure that changes to 
these baselines will be managed through a change management process. 
 
Project Reporting and Communications - The project will provide NSF with regular updates via 
teleconference and written quarterly and annual reports. The PM&R team will develop a 
Communication Plan that links all project groups and describes communication methods and 
frequencies to maximize the effectiveness and efficiency of project communications. 
 
2.6.4. Business Operations 
The Business Operations group, working closely with staff at the University of Illinois’ Grants and 
Contracts Office (GCO) and National Center for Supercomputing Applications’ (NCSA) Business 
Office, will handle budgetary issues, manage sub-awards and assure timely processing of sub- 
award amendments and invoices. 
 
2.6.5. Strategic, Planning, Policy, & Evaluation 
XSEDE will dedicate effort to project-wide strategic planning, policy development, evaluation 
and assessment, and organizational improvement in support of sustaining an effective and 
productive virtual organization. An independent Evaluation Team will be engaged to provide 
XSEDE with information to guide program improvement and assess the impact of XSEDE services. 
Evaluations will be based on five primary data sources: (1) an Annual User Survey that will be 
part of the XSEDE annual report and program plan; (2) an Enhanced Longitudinal Study 
encompassing additional target groups (e.g., faculty, institutions, disciplines, etc.) and additional 
measures (e.g., publications, citations, research funding, promotion and tenure, etc.); (3) an 
Annual XSEDE Staff Climate  Study; (4) XSEDE KPIs, Area Metrics, and Organizational 
Improvement efforts, including ensuring that procedures are in place to assess these data; and 
(5) Specialized Studies as contracted by Level 2 directors and the Program Office. The Evaluation 
Team will create a database to support an Area Metrics/KPI Dashboard and results of any 
specialized studies. 
 
This team is charged with the creation of a comprehensive performance management plan 
detailing the methodology, tools and data sources used to determine the performance of the 
XSEDE project and its impact on the research community. The initial release of this XSEDE 









E. Project budget and staffing broken out by WBS element and by institution 
 
Project Budget by WBS Element 
 
Note: PY6 - PY10 terminology is used to differentiate between the initial XSEDE 




Project Budget by Institution 
 
 
*Note table updated April 11, 2019 to reflect the addition of Internet2 and Notre Dame as subawardees per 
Amendment #006. 
 
F. Description of the methodology and assumptions used for estimating the budget 
components 
Cost estimates for this project include personnel, equipment, travel, and services required to 
perform the tasks necessary for completion of the project deliverables. These estimates reflect our 
knowledge of management and support costs gained from prior experience conducting projects of 
this complexity, scope, and magnitude. The start date of this project is assumed to be September 1, 
2016 
 
Personnel costs are based on actual salaries for current staff that are identified to work on the 
project. For new hires, estimates are based on the average fully loaded salary (that is, including 
fringe benefits and indirect costs) necessary to replace that individual’s experience and expertise at 
his/her institution. Estimates for goods and services are based on discussions with prospective 
vendors and are forward-looking. 
 
G. Project risk analysis and a description of the analysis methodology 
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A structured, disciplined approach for risk management has been developed using the Project 
Management Institute’s best practices for risk management as a model. The XSEDE Project Director 
has overall responsibility for risk management. The XSEDE project maintains a risk register, which 
provides detailed information about each identified risk.  
 
The risk management process, which must be ongoing and dynamic, ensures that: 
• risk identification and analysis have the appropriate rigor; 
• risk issues are made visible early; 
• thorough, credible mitigation plans are prepared/implemented; 
• budgets are maintained; 
• appropriate personnel are notified when a risk is triggered; 
 
Project risk management consists of a six-step process: (1) identify potential vulnerabilities/risks; (2) 
determine the likelihood of occurrence; (3) assess the impact on the project scope, cost, and schedule 
baselines; (4) determine activities, alternatives, or contingencies that would 
reduce/mitigate/accommodate the risk; (5) execute a plan to accomplish these risk-reducing activities; 
and (6) report and track risk. 
 
The project will use a risk management software application (the JIRA Risk Management Tool), which will 
help the project management team to record, track, and report on identified project risks. 
 
The risk register will be updated regularly to reflect the modification to existing risks, addition of new 
risks, and retirement of risks as the project moves forward. The Project Director will conduct a formal 
risk review quarterly as part of a quarterly status meeting with the XSEDE project team in order to 
proactively address risks. 
 
Identified risks can have positive as well as negative impacts on the project's technical scope, schedule, 
and cost. The project team will track opportunities in order to take full advantage of information for 
making decisions that might affect the project. In practice, if the XSEDE team detects a chance to save 
money by doing X instead of Y, then we record that as a "positive" risk, set triggers, and track it like 
other risks. The team may even have "mitigations" that increase the project’s chances that the 
opportunity occurs. 
 
The project management will promptly inform NSF of any significant risk issues or opportunities that 
may arise during the project lifetime, and the risk register will be maintained for routine communication 
of potential project risks and mitigation strategies. These alerts will be contained in the conventional 
status reporting activities of the project where stakeholders are informed about any issues that may 
impact the project. Typically, these issues will be discussed during the regular teleconferences between 
NSF and XSEDE management. Significant risks will be documented in the required interim and annual 
reports. NSF can request a complete report of the risk register in advance of any of these events. 
 
An initial risk assessment was completed during the planning period and has been documented on the 
wiki, which is located here: https://confluence.xsede.org/display/XT/Risk+Management. Going forward, 
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the risks will be moved to JIRA for management. 
 
H. Project schedule 
The schedule is a living document and will be updated to reflect the baseline for near-term 
activities (work packages) as well as placeholders for long-term activities (planning packages). 




I. Description of the organizational structure of the project team and governance 
of the project including advisory groups and the processes that facilitate 
interaction with all external entities 
 
I.1. Project Governance 
XSEDE governance delegates decision-making authority to the greatest extent possible, allowing 
for timely decisions and greater agility in response to opportunities. Making use of the Work 
Breakdown Structure, which aligns with the organizational structure, each manager of a WBS 
area has decision-making authority within the scope, schedule, and budget of that WBS area. 
Decisions are escalated where other WBS areas or budget changes between partner 
institutions are involved. 
 
The new organizational structure of the XSEDE project allows, in part, for improved 
communication and interaction between the XSEDE project and the NSF. A careful balance 
must be struck between the responsibility of the PI and co-PIs and the increased direct 
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responsibility of L2 Directors to NSF. To this end, weekly communications between the PI, 
Deputy Project Director, and the NSF CPO will involve the L2 Directors on a rotating basis to 
ensure clarity in their reporting responsibilities with respect to NSF. To maintain balance, the 
decision-making process will remain unchanged with the PI holding ultimate authority within 
the project.  The Deputy Project Director will be largely responsible for offloading daily 
management and some project representation tasks from the PI. The XSEDE Program Manager 
will be the primary conduit into the project and will frequently communicate project status, 
risks, issues, accomplishments, and improvements. In addition, the Program Manager will seek 
direction and recommendations from the NSF on major changes and decision within the 
project.  
 
XSEDE’s governance model emphasizes documenting activities and decisions and responding to 
stakeholder needs. XSEDE will continue to use its advisory boards and other input mechanisms, 
including outreach activities, user engagement efforts, and help requests, to assess stakeholder 
needs, to prioritize and define impact for these requests, and to ensure that they are 
implemented within the framework of existing XSEDE best practices. Governance and decision 
making within XSEDE are made public through the XSEDE Quarterly Reports, and to provide 
greater transparency in project governance, decisions and decision-making, and in addressing 
findings and recommendations of review panels, management bodies and advisory bodies, 
XSEDE will move to using a public project wiki. 
 
As Project Director (PD), Towns with support from the Deputy Project Director (Boerner) will 
oversee the management of the project as a whole and will direct activities in the XSEDE 
Program Office. The Co-PIs and Senior Personnel will direct the activities of the Level 2 WBS 
areas. The XSEDE PI (Towns) and co-PIs (Gaither, Sinkovits, and Blood) hold ultimate authority 
and responsibility for successful program execution. 
 
I.2. XSEDE Senior Management Team (SMT) 
The XSEDE Senior Management Team (SMT), the highest-level management body, will meet 
biweekly to assess project status, plans, and issues. It is chaired by the Project Director (PI Towns), 
and includes the Deputy Project Director (Boerner), the WBS Level 2 directors of Community 
Engagement & Enhancement (co-PI Gaither), the Extended Collaborative Support Service (Co-PI 
Sinkovits and Co-PI Blood), XSEDE Community Infrastructure (Lifka), XSEDE Operations (Peterson), 
the Resource Allocations Service (Hart) and the Program Office (Payne). In order to be responsive to 
both the user community and the set of collaborating SPs, the chairs of the User Advisory Committee 
(currently Emre Brookes, University of Texas Health Science Center at San Antonio) and the XD 
Service Providers Forum (currently Ruth Marinshaw, Stanford University) are members of the SMT. 
These eleven individuals constitute the voting members of the SMT. The Senior Project Manager 
(Froeschl) is an ex officio, non-voting member of the SMT. The cognizant NSF Program Officer 
(Chadduck) is also an ex officio, non-voting member. The XSEDE Senior Management team meets on 
a bi-weekly basis to assess project status, plans, and issues. 
 
I.3. Advisory Bodies 
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Stakeholders will have input through three distinct advisory committees that have proved beneficial 
and will provide guidance on strategy, service, and support priorities for the community. 
 
The XSEDE Advisory Board (XAB) meets semi-annually, either in person or by teleconference, to 
help ensure that XSEDE is designed to impact a broad range of disciplines, enable both research and 
education, have broader impacts to society, and have a user community that is diverse (gender, 
ethnic background, etc.) and includes representation from all types of colleges and universities. The 
XAB advises in the annual planning process, reviews the annual plans, and recommends strategic 
directions. While primarily strategic, the XAB may make tactical recommendations that help XSEDE. 
 
The XAB consists of five scientific leaders (selected by the XSEDE management team) from different 
communities who use XSEDE along with the chair of the UAC and three representatives from the SPF 
(the SPF chair and two others, self-selected by the Forum). These members are complemented by an 
additional eight senior members of the broader community selected by the XSEDE management 
including at least three who are selected specifically to ensure diverse representation on the board. 
Members serve two-year staggered terms. 
 
The Chair of the XAB is responsible for ensuring that the XAB meets quarterly and reports back to the 
XSEDE Senior Management Team the results of the meeting, including any recommendations and/or 
action items that need attention by XSEDE and the timescale for the action. The Chair will be self-
selected by the XAB membership. The selection process will be discussed with NSF.  NSF will be kept 
apprised of candidates and the decision process. Comments from the NSF CPO will be considered 
throughout the selection process. The XAB chair nomination is expected to be provided to the NSF in 
the Fall of 2016. 
 
The User Advisory Committee (UAC) will meet twice or three times per year by teleconference and 
consists of 20 active users of XSEDE-allocated resources and services representing the needs and 
concerns of the community. The committee presents recommendations regarding emerging needs 
and will review plans and suggested developments. XSEDE will seek input from NSF directorates to 
include researchers representing each NSF directorate or major division. Members serve two-year 
staggered terms. The chair, selected by UAC members, will participate in SMT meetings and is a 
member of the XAB. In addition, they will have the role of User Ombudsperson—the person to 
whom any user of any XSEDE allocated or supported resource or service can turn if they are not 
having issues addressed by XSEDE. 
 
The Chair of the UAC is responsible for ensuring that the UAC meets twice or three times per year 
and reports back to the XSEDE Senior Management Team the results of the meeting, including any 
recommendations and/or action items that need attention by XSEDE and the timescale for the 
action. The Chair will be self-selected by the UAC members. 
 
The XD Service Providers Forum (SPF) meets bi-weekly and provides a means by which all Service 
Providers can voice concerns, make recommendations, and provide feedback on proposed changes 
to the XSEDE environment, policies, and services. The SPF is more fully defined in the XD Service 
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Providers Forum Charter and the Requesting Membership in the XSEDE Federation as a Service 
Provider documents, both available online (www.xsede.org/project-documents). The Service 




The Chair of the UAC is responsible for ensuring that the UAC meets twice or three times per year 
and reports back to the XSEDE Senior Management Team the results of the meeting, including any 
recommendations and/or action items that need attention by XSEDE and the timescale for the 
action. The Chair will be self-selected by the UAC members and serve a one-year term. 
 
Based on feedback from staff during the preceding award, we will also form an Internal Advisory 
Committee (IAC) to give advice on internal matters such as professional development, reporting, 
recognition, policies, etc. This committee will be defined in conjunction with the staff to establish a 
committee responsive to staff needs. 
 
J. Description of the sub-contracting strategy and controls 
All XSEDE procurements will follow the policies of the XSEDE partner institution. For all purchases 
made via the University of Illinois, procurements will follow procedures and rules of the University 
of Illinois Purchasing Office, which are available on their website at:  
https://www.obfs.uillinois.edu/purchases/procedures-rules/ 
 
J.1. Capital Items 
 
Only the project director may approve the purchase of capital equipment that is part of the XSEDE 
project. Changes to the capital procurement plan may only be made as allowed by the NSF, available 
funding, and the approval of the project director. 
 
J.2. Sub-awards 
All sub-awards will contain a statement of work (SOW), budget in NSF Form 1030 format, and budget 
justification, all of which are submitted through the Sponsored Research Office of the sub- award 
institution. The sub-awards will include an executive summary, milestones, deliverables, payment 
schedules, and the acceptance and certification criteria for payment. Contractual terms in the NSF 
cooperative agreement with the University of Illinois/NCSA will flow down to sub-awardees. Sub-
awardees will submit detailed invoices for payment to NCSA monthly, unless another payment 
schedule has been identified in their contracts. 
 
J.3. Consultants 
The project director will determine the need, scope, and timing of any consultant services in support 
of the XSEDE project and will direct the NCSA finance office to obtain the services under the 
University of Illinois procurement process. 
 
J.4. Other Purchases 
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XSEDE staff may purchase expensed equipment (laptops, cell phones), supplies, and other goods 
and services when submitted and approved as part of the materials and supplies portion of the 
annual budget submission. Purchases of alcohol, business meals, personal gifts, and other like items 
are prohibited, unless approved in advance by the project director and only if allowed under the 
University of Illinois’ policies regarding such items. See Section 8.12 and Section 8.13 of the OBFS 
Business and Financial Policies and Procedures Manual 
(https://www.obfs.uillinois.edu/purchases/procedures-rules/). 
 
K. Description of the financial and business controls to be used 
NCSA will manage the project funds in accordance with Illinois rules and procedures under the day- 
to-day direction of the NCSA Finance division director. The University of Illinois business procedures 
are found in its OBFS Policies and Procedures Manual 
(https://www.obfs.uillinois.edu/purchases/procedures-rules/). 
 
A budget plan will be established and updated annually. Expenditures will be planned and actual 
expenses reconciled monthly with the University’s enterprise accounting system, down to Level 3 in 
the WBS. 
 
Budgets and actual costs will be collected in financial accounts, which correspond with the WBS 
structure of the project in the Illinois financial system. Elements of costs will also be maintained so 
that totals for effort, equipment purchases, and other cost categories can be tracked across all WBS 
elements. Each level 3 WBS manager will be responsible for the charges incurred for their WBS and 
be responsible for remaining within the budget allocated for their work. The cost incurred at each 
partner institution will be billed to Illinois and reviewed by the Project Director or Deputy Project 
Director and the Illinois finance officer. The Project Director or Deputy Project Director, with 
assistance from the NCSA Finance Division and the Business Operations WBS Level 2 lead will be 
responsible for reporting project financial information to NSF as required. 
 
L. Plan for reporting on the technical and financial status of the project 
The XSEDE project will provide interim project and annual reports as designated by the NSF 
cognizant Program Official with content, format, and submission time line established by the NSF 
cognizant Program Official. The XSEDE project will submit all required reports via Research.gov using 
the appropriate reporting category; for any type of report not specifically mentioned in 
Research.gov, the XSEDE project will use the Interim Reporting function to submit reports. 
 
The interim project report will include monthly expenditures per the NSF 1030 format and by work 
breakdown structure (WBS) level 2 both per institution and across the project as a whole. Planned 
versus actual expenditures will be indicated. It should also include detailed descriptions of the 
progress, achievements, and expenditures of the sub-awardees. Each report must also include 
relevant performance data. 
 
The Annual Report and Program Plan will also include a detailed plan for the following year and, if 
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M. Description of anticipated safety or health issues associated with the project, if any 
No health or safety issues are expected in the XSEDE project. Nonetheless, a component of any 
successful project is to ensure that environment, safety, and health issues are addressed early in a 
project’s life cycle and fully integrated into all project activities. The project team is committed to 
providing a safe work environment for all workers and the public. The project team will follow all 
relevant and applicable safety laws and procedures required by Illinois and the other partner 
institutions. 
 
N. Cyber security plan for protecting the confidentiality, integrity and availability of 
XSEDE resources and services 
XSEDE cybersecurity must support the confidentiality, availability and integrity of XSEDE and XSEDE- 
allocated resources by: following best practices, employing risk-based approaches, fostering 
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teamwork throughout the XSEDE team, and integration of new proven cybersecurity technologies, 
procedures and approaches. The following sections document the XSEDE Cybersecurity Program 
Plan (CSPP), a comprehensive cybersecurity program for this distributed cyberinfrastructure.  Rising 
to the top of this list are a number of strategies that include: 
1. Support for a strong authentication and authorization service that limits access to only 
legitimate XSEDE users, 
2. Coordination of the XSEDE cybersecurity staff among contributing XD and campus Service 
Providers to develop policies, design secure architectures and review risks, 
3. Coordinated incident response and intelligence sharing across Service Providers, trusted 
partners and other federations, 
4. A strong XSEDE cybersecurity education program, and 
5. Proactive cybersecurity through careful risk/threat analysis, design and architecture of XSEDE 
at every level. 
Cybersecurity in a highly distributed environment such as XSEDE is built upon the social networking 
and trust relationships honed over time among the partner cybersecurity staff. During PY6-10, 
XSEDE cybersecurity will build and improve upon a well-established community of security 
professionals and many of the successes of the XSEDE PY1-5 cybersecurity program. Successes 
during PY1-5 include the formation of an incident response team for the coordination of incident 
response across XSEDE sites and a broadened deployment of a cybersecurity architecture across the 
growing XSEDE user base. XSEDE will expand the cybersecurity team and draw on the expertise and 
experience of new individuals. 
 
Additional information can be found in the XSEDE PEP Supplement: Cybersecurity Plan, which will be 




O. Comprehensive performance management plan which supplies reporting data 
The XSEDE project currently uses a variety of metrics and KPIs to measure performance against 
defined strategic goals. While these measures represent the performance of the XSEDE organization 
and its service areas, they do not adequately represent the impact the XSEDE project has on the 
research community and science in general. The Strategic Planning, Analysis, and Evaluation team, is 
charged with the creation of a comprehensive performance management plan detailing the 
methodology, tools and data sources used to determine the performance of the XSEDE project as 
well as its impact on the research community. The initial release of this XSEDE Performance 
Management Plan is expected to be provided to the NSF six months after the award start date. 
 
In addition, an XSEDE Metrics Dashboard will be created to provide access to current and historical 








P. Description of Project Policies and Standard Operating Procedures 
All XSEDE project policies and standard operating procedures are maintained on the XSEDE Staff 
Wiki.  Any changes to these policies and standard operating procedures will be reflected on the 
XSEDE Staff Wiki located here:  
https://confluence.xsede.org/pages/viewpage.action?pageId=1671610 
